[Ny s E TI: CUED => BIR AB 


SHENZHEN PANGO MICROSYSTEMS CO.LTD 


Logos2 Series SGMII 1GbE IP 


User Guide 


( UG042005, V1.1c ) 
( 2021-08-13 ) 


Shenzhen Ziguang Tongchuang Electronics Co., Ltd. 


Copyright infringement must be investigated 


PYA 


Document Version Revision History 


Document version revision history 


Date Document Revision Applicable IP and 
version history corresponding 
version 
2020-09-24 1.0 Initial version. V1.0 
1. HSSTLP IP legend updated from 
v1.4 to v1.5 and default settings 
2020-12-09 1.0a can be used in HSSTLP IP. V1.0a 
2. SGMII IP legend updated from v1.0 
to v1.0a. 
1. Added Chapter 10, multi lane 
2021-01-07 1.1 reference design; errata VLI 
1. HSSTLP IP legend updated from 
v1.5 to v1.5a. 
2. Updated PCS remote loopback 
configuration method. 
2021-01-29 l.la 3. SGMII IP legend updated from VI.la 
v1.0a to v1.1a. 
4. Fix the definition of IO signal loss. 
A low level indicates that the peer 
signal is received, and a high level 
indicates that the peer signal is not 
received. 
1. Modifyexample design related 
2021-04-15 1.1b information. VI.lb 
2. Errata. 
1. Adjust the manual structure and 
standardize the format; 
2. Improve the description of module 
instantiation, interface screenshots 
and configuration options, see 2.3.1 
Module instantiation 
SUITS E 3. Add the description of resource Viste 
utilization, see "2.3.5 Resource 
utilization 
4. Modification of Multi Lane 
description, see 2.7.2 Typical 
Application of Multi Lane 
5. Added the content of chapter "2.9 
IP Debugging Methods"; 
6. Added the content of "Chapter 3 
Appendix". 


https://innek.ru/ 


2/71 


Logos2 SGMII 1GbE IP User Guide 


Vs [A LA 
oe U A 3 iá IP version change log 


IP Version Change Log 


IP Release Notes Release 
Version date 

V1.0 PG2L SGMII 1GbE IP initial version 2020-09-25 

V1.0a Optimize IP logic 2020-12-17 

v1.1 Add bus_allocator module 2021-01-08 

Vl.la Upgrading HSSTLP 2021-02-03 
1 Modify example design 

VI.lb - ; 2021-04-25 
2 Optimize IP logic 

V1.1c Improve IP Ease of use 2021-08-13 

https://innek.ru/ Logos2 SGMII 1GbE IP User Guide 


3/71 


oe U a | 3 4% Table of contents 


Table of contents 


Chapter 1 Preta att 8 
Tel About this manual A a ai 8 
1.2 Manual Writing Specifications setei doare atat a iti a 0 a aa tc ei Ii pd ai SE RUE 8 

Chapter 2 IP Usage Guidelines a a do ti pee EKOE EN AEAT EEEE a o 9 
DAMP Tint nota In Lol Lo a UTE 9 

2:1.1/Maih TOUS ———————————— aan 9 
2.1.2 Applicable Devices and Packages .........ccccccccccccssssssneseeececsesseaeeesecscseseeaeeeeececeesseaeeeeeescseseeaeseeeeeseeseeaeeeeess 9 
2:2: [P block Gia Oram i ied ect tes tite cere dte tes bebe ed e e Eb desi debet eds e saci EC e idée dedat da 10 
2:3 IP Generation Process. seic aa aa ruber emer at 10 
2:3. 1 Module instant Meier ni i ea ia eed bar ue Da nada a iza d atlas 10 
2:3:2 Constraint:Contiguration senon se aleea d mata oi o a a KERN RR VERSER ORA ad anda RA REN ERR na ll ARRA D aaa sl aaa la 14 
2.3.3 Running:the:simulation;. sa caine atatea aa mata da a apa e ian ea 09 plini A aa aa olt CHR eR Ra TUA 15 
2.3.4 Synthesis and Place arid ROUEe:..... er ioi vana a at na aia pt asa ala anal RR aa na olt aa anal ll Cai atada 15 
2.3.5 Resource utilization cia aa ladă căi NEN a va 15 
2:4 Example Design ace a inaite e poe tea ai da acad aaa tai E uita aa au du a d Da ua d 16 
2.4.1. Design Block Diagram... iiir aaa poata a cupa ada oaia a aiba aa oa tea ada a aa baga oa cod ăi aaa aut FERE da aaa 16 
24.2 Module Descrip da da e pân patut 17 
2.4.3 Interface description............ mean eee e nenea e nenea nenea anna a essa saga sa anna aaa ee 19 
PALEIS uio ————Á——————————— otet 20 
2.4.5 Instance Configuration... nenea nenea nenea nenea e aaa a eee nana 22 
2:4:6 Example Simulation «asas canta ao ca ceasca aaa dusa ere Pro kiere EYE Feo SR o add Si taia EIE AREE Dă ERR ER UE er ue dada 22 
2.5 IP Interface Description ............ssssssssssssessseseeeeeeen enne enne na aa aa aan nennen nnne 22 
2.5.1 SGMII 1GbE IP Interface Description .....ooocoocccccccononoonnnnnnonononononnnonccnnonononnnnncnnnnnononnnnncnnnnnnnnnnnnnnninnonnnnnnnos 23 
2.5.2 Register Management Interface... eee nene eee anemie a ana aa e 32 
"xcu 34 
2:6 IP register valo PP E—————————— 37 
2:6:1.SGMil:Core:register description 5. eee cae aaa na Re aa nana cala aa e pha Y a oală a aia d aaa e Rar 8 dea 37 
2:6.2 HSSTEP-Register DescriptiOn.;. sni ooa coro a ar da aaa dag cs a O aaa eu sata da aa atata i 48 
2.0.3 Register. ACCESS u sein ae ase ni caii ai a a pă i da a aa Eta ian ta aa na ăia pie 48 
2.7 Typical Applications. eri evs i ce aes a mh RE UI DHT evs 0 RENE IX T os Da luate i au 49 
2.7.1 Typical Application of Single Lane.............:c:cccccccssssssssececessesssensesecessesseaseesecessessaaesesecesecsssssensecesesseeseganaees 49 
2.7.2 Typical applications of Multi Lane ............c cccccsessscecececeeseseeaeceeececsesnsaeseeeesceeseeaeeeeececeesssaeseeeesceseseseeaees 49 
2:8 Instructions:and Precautii Orissa e cana ui e Da ala al ia aa Pa Da alea ada 60 
2.8 L'Clock ROUEIWB.. seaca ca e aaa aa oala ana a nana nte aa bona aditional led NER pata a latina cena a en bal 60 
2.8.2 HSSTLP Physical Constraints ........c.ccccccccssssscecececsesessssesecececseeeeseescecsesesseseeececeeseeaeseeecsceeseuaeseseesceeseaeeaeees 60 
2:8.3WorkingMOde: AT 61 
2.8.4 Loopback Mo dê. idee te căt data dream tra aden dana abatoare dan nai Henz esi reel oua Ren n dé ua EN ti data 62 
2.8.5 a Scheime. tec eene p e dea ER Ee SR EXE Ne Re pA aea ada VER PRA aa Fa URN EAR astea vă aia KR aa 65 
2.8.6 uart ctrl top module Example of read and write operations... e eee e nana 68 
2:8.7 IP calling: Method ii Tm 68 
2.9: IP debupping methods. oie erint er dep han de apps aus ante n ote eae tia d Ea ua 68 

Chapter 3 Appendix. nana aaa aaa aa aaa aan nana anna 69 

https://innek.ru/ Logos2 SGMII 1GbE IP User Guide 


4/71 


oe U a | 3 4% Table of contents 


3.1 Reference documentation ............cccccccccesssscecesssececssececsessecccsseececsueeecesseceessusecsesuececneasececesueececsseeecessaeeeesineeeeesaas 69 

3.2: GlOSSATy m ————————————————————— tati 69 

3:3 list of Abbreviations. caiac a at cota ud toata a aut dă eter eere eu crai atata da a i ta ad cada 70 
O casă dă 71 

34.1 Copyright NOTICE MIROR Rc 71 

E PA DIEE ETA aI E E AE E tacea RS cn Baita Ub Da AE a a a tai RR 71 

A A AA E A AEAN E E E AE ATE AEE TEN 71 

https://innek.ru/ Logos2 SGMII 1GbE IP User Guide 


5/71 


oe U a | 3 4% Table directory 


Table directory 
Table 1-1 Note, description class description... nana anna aa na nana aaa nana 8 
Table 2-1 SGMII IP Applicable Devices and Packages ................. essere 9 
Table 2-2 SGMII 1GbE IP configuration Parameter description... nono nono nonn conocio eene 13 
Table 2-3 SGMII 1GbE IP generated output files... nene eee aaa aaa ea 13 
Table 2-4 Maximum resource utilization of SGMII IP based on PG2L100H .................. seen 15 
Table 2-5 uart ctrl module address description... eene aaa nana 17 
Table 2-6 sgmii reg slave Register Description... enne ener aaa ener 17 
Table 2-7 Example Design Interface List................ nene na ana eene nnne enne erret inneren restent 19 
Table 2-8 debug core signal description... eee nennen nnn na enr A RENEA RS 21 
Table 2-9 SGMII IP List of interface signals en nenea eene ener innere enne nenne 23 
Table 2-10 Register definitions when the auto-negotiation function in 10 GE mode is enabled and configurable ...37 
Table 2-11 Control Register ( Register 0) ............ essen enne ener enr aa an anna 38 
Table 2-12 Status Register ( Register 1)... eene enne nennen nnne entrer innen enne 39 
Table 2-13 PHY Identifier Register ( Register 2 and 3)...... ceea eene enne nre nennen 39 
Table 2-15 Auto-Negotiation Link Partner Ability Base Register ( Register 5).............. sse 40 
Table 2-17 Extended Status Register ( Register 15)... eee eene rnit 42 
Table 2-18 Vender spc Register ( Register 16)...... ceea eren ener ennt ern nennen neni 42 
Table 2-19 Vender spc 1 Register ( Register 17)... enne aaa enne 43 
Table 2-20 Register definitions when auto-negotiation is disabled in GE mode ........................... sss 43 
Table 2-21 Register definitions when the auto-negotiation function in SGMII mode is enabled and configurable ..44 
Tabte 222 SS MIC Control ( Register D Eoo ves ea iS 44 
Table 2-23 SGMII Status Register ( Register 1)... eene nennen nennen innen 45 
Table 2-24 SGMII Auto-Negotiation Advertisement MAC Mode(Register 4)... 46 
Table 2-25 SGMII Auto-Negotiation Advertisement in PHY Mode ( Register 4)................ serenas 46 
Table 2-26 SGMII Auto-Negotiation Link Partner Ability Base ( Register 5)... 47 
Table 2 27 Register definitions when the auto-negotiation function in SGMII mode is disabled.............................. 48 
Table 2-28 multi lane SGMII IP with HSSTLP IP Serdes channel correspondence......................... esses 51 
Table 2-29 HSSTLP with SGMII pattern correspondence ..........ccccsccesscessceeseeeeeeeseesseeescecseecsaecaeceaecnseceseeseeeseeeeeeeenaes 54 
Table 2-30: SGMII Softcore file: nesanatoase PEE MURUS ER bons 55 
Table 2-31 bus allocator Signal Mapping Description... nenea enemies 55 
Table 2-32 SGMII Core Signal Mapping Description... nenea aa ener enne nennen nenne 56 
Table 2-33 HSSTLP IP Signal Mapping Description... enne nnne nnne inneren 58 
Table 2-34 SGMII Core Loopback port configuration ................ esses ennemis nnne 62 
Table 2-35 SGMII Core Loopback register configuration .............. eee nennen 62 
Table 2-36 PMA Near-end parallel loopback.................... eese enne nennen nnne nennen 63 
Table 2-37 PMA Near-end serial loopback ..................ssesesessesseseeeeeeeeeeeeenn nennen enne enirn 64 
Table 2-38 PCS Near-end parallel loopback ....................... sessi 64 
Table 2-39 PCS Remote Parallel Loopback ....................eesssesseseseeeeeeeeeeeene nnne enne enne 65 
https://innek.ru/ Logos2 SGMII 1GbE IP User Guide 


6/71 


oe U a | 3 4% Figure catalog 


Figure Catalog 
Figure 2-1 SGMII 1GbE IP System Block Diagram ............... sees eene enne nn aaa aaa aaa 10 
Figure 2-2 Select SGMII 1GbE IP interface:...... nea ac atatia iaa 11 
Figure 2-3 Project instantiation interface ........... neam aaa emana ana aaa emana emana ens 11 
Figure 2-4 SGMII 1GbE IP Interface Block Diagram................. essere nennen trennen ens 12 
Figure 2-5 Configure SGMII 1GbE IP parameter interface ................ nenea anemie 12 
Figure 2-6 SGMII 1GbE IP generation report interface... neam ener enne ema aan ae 13 
Figure 2-7 Both GE And SGMII Pattern Example Design block diagram... 16 
Figure 2-8 PCS sender data... tenente ei RE iio ED ERE eins 20 
Figure:2-9 PCS Receiver data; ir dee a riada patati 21 
Figure 2 10 Packet receiving statistics sequence ..coooonoccnocnnoconoononononnonn nono nonn nono nono nn nono enne nennen nennen teen nn nennen enne nnne 21 
Figure 2-11 Both GE And SGMII MAC Terminal configuration diagram ................... sese 22 
Figure 2-12 Both GE And SGMII PHY side configuration diagram ...............esssesssssssseeeeeneeeeenenennnnn 22 
Figure 2-13 SGMII 1GbE IP interface sieton aan a a N E S 23 
Figure:2-14.APB basic write timing. pna eee apetit iata nt aaa nică a YER aaa aaa ea aa 33 
Figure 2:15.APB Basic réad timinp...;... cte tie RR e GRE RR IRR ORE EXER ie a 33 
Figure 2-16 MDIO write VIII Ea, oerte rt EE ERR ERIS MES HER COPS ES SERERE UTENTE ETATE TIRES RETI eds 34 
Figure 2-17 MDIO read ID RM 34 
Figure 2-18 GE Mode GMII Send timing ............... essere neet eren eteen trennen trennen inen nnens 34 
Figure 2-19 GE Mode GMII Receive timing... nenea nana ana nana emana amana emana emana 35 
Figure 2-20 GMII sending timing when the rate is 100Mbps in SGMII mode ....................... eee 36 
Figure 2-21 GMII receiving timing when the rate is 100Mbps in SGMII mode... 36 
Figure 2-22 multi lane SGMII IP Design block diagram ..................... esee enne 50 
Figure 2-23 HSSTLP IP selection interface ..............seessssessseeeeseeeeen emana ennemi nennen nnne ne enne 52 
Figure 2-24 HSSTLP Protocol and Rate interface .............. essent rennen eterne nennen nnne 52 
Figure 2-25 HSSTLP Alignment and CTC interface... enma nana emana ana trennen 53 
Figure:2-26 HSSTLP-Misc part a interface... i. ient ett eee RES EH ER SE RAE di aa paie i tă 53 
Figure 2-27 HSSTEP Mise part D-Interface.. «i temm tee e t ea ee ER HP aaa TST coala ta dna te 54 
Figure 2-28 HSSTLP Misc part c interface ...... eee en eee emana ema ana aaa emana emana ae 54 
Figure 2-29 multi lane physical constraints ...........:ceccescesceesceeceeeseesececeeseeeeceaecaeseeceaecseeeceesecaaeeaeeeecaeeaeeeeeeaecaeeenseaeente 59 
Figure 2-30 multi lane clock constraints ................ sese nhet eren enne trennen nter enne ens 60 
Figure:2-31 GE Mode diagram... oreet iterat her eene nd eie en ur a ti ip iae peras 61 
Figure 2-32 SGMIUL Mode diagramas artt RA 61 
Figure 2-33 Both GE And SGMII Mode diagram ................... sess ener rennen rre 62 


Figure 2-34 Frequency offset adjustment Buffer at HSSTLP IP Schematic diagram of the middle clock scheme ...65 
Figure 2-35 Frequency offset adjustment Buffer at SGMII CORE Schematic diagram of the middle clock scheme66 
Figure 2-36 No frequency offset adjustment Buffer Schematic diagram of the clock scheme .................................. 67 


https://innek.ru/ Logos2 SGMII 1GbE IP User Guide 
7/71 


oe UV A 3 4% Chapter 1 Preface 
Chapter 1 Preface 
This chapter describes the scope of application of this manual, the structure of the manual, and 


related writing specifications, to help users quickly find the information they need. 


1.1 About this manual 


This manual is for SGMII launched by Ziguang Tongchuang 1GbE User's guide for IP products, 
applicable to Logos2 series FPGA products, mainly including IP usage guide and related appendices. 
Through this manual, users can quickly understand the SGMII 1GbE IP related features and usage 


methods. 


1.2 Manual Writing Specifications 


Table 1-1 Note, description class description 


Word How to use 
Notice If the user ignores the attention content, it may cause certain 
adverse consequences or fail to operate successfully due to 
misoperation. 
Description Instructions and hints for users. 
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Chapter 2 IP Usage Guidelines 


This chapter describes SGMII 1GbE IP Related usage guidelines, including IP Introduction, IP Block 
Diagram, IP Generate process, Example Design , IP Interface description, IP Register Descriptions, 
Typical Applications, Notes and Notes, IP debugging means . More details about the design process 
can be found in the following PDS help documents. 


e Pango Design Suite Quick Start Tutorial [1] 
e Pango Design Suite User Guide [2] 
e IP Compiler User Guide [3] 


e Simulation User Guide [4] 


2.1 IP Introduction 


SGMII 1GbE IP is an IP designed by Ziguang Tongchuang based on Logos2 series products to 
realize Ethernet SGMII interface. Users can configure and generate IP blocks through the IPC (IP 
Compiler) tool in the company's PDS (Pango Design Suite) suite. 


2.1.1 Main features 


The SGMII 1GbE IP is designed according to the IEEE802.3 2012 Specification [10] and Serial GMII 
Specification rev1.8 [11] standard. The main features of the IP are as follows. 
e Support GMII interface 
e Support APB or MDIO configuration management interface 
e Supports easy and fast configuration through ports 
e Support auto-negotiation function; 
e Support GE mode, 10/100/1000Mbps SGMII mode; 
e Support dynamic switching between SGMII mode and GE mode; 
e Support clock frequency offset correction to adapt to the frequency difference of 
Ethernet + 100ppm 
e Support loopback function. 


2.1.2 Applicable Devices and Packages 


Table 2-1 SGMII IP Applicable Devices and Packages 


Applicable Devices Package Types Supported 
PG2L100H ALL 
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2.2 IP block diagram 


The system block diagram of SGMII 1GbE IP is shown in Figure 2-1. 


MIM + miim slave SGMII Core 
ge pes. 
manage reg (4———3 auto neg 
(optional) 


< (ge pes rx sm ge | Ss YN 
[ L + J L — J | NearLhog A 


DT | SGMII\ 
— clk gen Core | 
TO MAC P E L 7 
jge pes tx sm > 
APB < 


Figure 2-1 SGMII 1GbE IP System Block Diagram 


SGMII 1GbE IP consists of SGMII Core and HSSTLP IP. Among them, SGMII Core completes the 
functions of self-negotiation and receiving and transmitting state machines; HSSTLP IP completes 
functions such as PCS codec, PMA serial-to-parallel, parallel-to-serial conversion and clock recovery. 


2.3 IP Generation Process 
2.3.1 Module instantiation 


The customized configuration of the SGMII 1GbE IP can be completed through the IPC tool, and 
the required IP modules can be instantiated and generated. 

For the specific usage of IPC tools, please refer to IP Compiler User Guide[3]. 

The main operating steps of the instantiation of the SGMII 1GbE IP module are described below. 
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1. Select IP 


Open IPC Click File -->Update in the main window to open the Update IP dialog box and add the 
IP model of the corresponding version. 


After selecting the device type of the FPGA, the Catalog interface can display all the loaded IP 
models. Select the SGMII 1GbE IP selection interface under the System/Ethernet directory, as shown 
in Figure 22. Then set Pathname and Instance Name on the right page. The project instantiation 
interface is shown in Figure 2.3. 


Notice: 


PDS Must be 2021.1-SP2.1 and above. 


Figure 2-2 Select SGMII 1GbE IP interface 


Pathname E:\test\test\test.idf Browse... 


Instance Name test Customize 


Figure 2-3 Project instantiation interface 


2. Configure IP parameter 


After the IP selection is complete, click Customize > to enter the SGMII 1GbE IP parameter 
configuration interface. The Symbol on the left is the interface block diagram as shown in Figure 24; 
the right side is the parameter configuration window, as shown in Figure 25. 
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Figure 2-4 SGMII 1GbE IP Interface Block Diagram 
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r Buffer Select 


| No Buffer 
Elastic Buffer Option: 


Check On this item would disable Elastic Buffer and clock correction doesn't work. 
Check Off this item would enable Elastic Buffer and clock correction works. 


— Management Options 
M| Auto Negotiation 


N] MDIO Enable 


m SGMII Operation Mode 


SGMII PHY Mode 


Figure 2-5 Configure SGMII 1GbE IP parameter interface 
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See Table 2 2 for the description of configuration parameters. 


Table 2-2 SGMII 1GbE IP configuration Parameter description 


Options area Option name / Description 
parameter name 


GE Mode selection. (checked by default ) 

After checking this option, the IP work at GE model. 
SGMII Mode selection. (unchecked by default ) 

After checking this option, the IP Working at SGMII model. 
Both GE And SGMII Mode selection. (unchecked by 
default ) 

After checking this option, the IP Work at Both GE And 
SGMII model. 

Frequency Offset Buffer Selection is not enabled. 
(unchecked by default ) 

After checking this option, the IP The frequency offset 
buffer is not enabled . 


GE 


Mode Select SGMII 


Both GE And SGMII 


Buffer Select No Buffer 


uu Auto-negotiation enable selection. (checked by default ) 
Auto Negotiation f f . T 
Management After checking this option, the IP Enable auto-negotiation. 


Options MDIO Configure the management interface enable 

MDIO Enable option. (checked by default ) 

Check this option, IP enable MDIO Configure the 
management interface. 

SGMII PHY Mode selection. ( default GE invalid in mode ) 
SGMII PH Y Mode After checking this option, the IP work in PHY mode; 
otherwise IP work at 

MAC model. 


SGMII Operation 
Mode 


3. Generate IP 


After the parameter configuration is complete, click the «Generate » button in the upper left 
corner to generate the IP to generate the SGMII 1GbE IP code corresponding to the user-specific 
settings. The information report interface for generating IP is shown in Figure 2-6 shown. 


Done: 0 error(s), 0 warning(s) 


Figure 2-6 SGMII 1GbE IP generation report interface 


After the IP is successfully generated, the files shown in Table 2-3 below will be output under the 
project path specified in Figure 2-3. 


Table 2-3 SGMII 1GbE IP generated output files 


Output file Description 
«instance name».v Generated IP the top level of .v document. 
« project path »/rtl/*.v Generated IP plaintext RTL document. 
https://innek.ru/ Logos2 SGMII 1GbE IP User Guide 


13/71 


PYA 


Chapter 2 IP Usage Guidelines 


< project_path >/rtl/common/*.v 


Generated IP plaintext RTL file, this folder stores some 
common 


module. 


<project_path>/rtl/hsstlp/ * 


This folder stores HSSTRP IP module. 


<project_path>/rtl/synplify/*.vp 


Generated IP non-plaintext RTL file, which is used for 
synthesis. 


<project_path>/sim_lib/modelsim/*.vp 


Generated IP non-plaintext RTL file, which can be used 
for ModelSim or VCS simulation. 


<project_path>/sim/modelsim/*.f 


List of .v files required for modelsim simulation of the 
generated Example Design 


<project_path>/sim/modelsim/*.do 


The do script file and do waveform file for modelsim 
simulation of the generated Example Design 


<project_path>/sim/modelsim/*.bat 


For the generated Example Design conduct modelsim 
Simulation script. 


<instance_name>/example_design/bench/ *.v 


Example Design simulation stimulus file. 


<instance_name>/example_design/rtl/*.v 


The top-level files of Example Design and some module 
files used in the design. 


<project_path>/pnr/core_only/<instance_nam 
e>.pds 


Generated IP Nuclear engineering files. 


<project_path>/pnr/core_only/<instance_nam 
e>.fdc 


Generated IP Kernel constraints file. 


<project_path>/pnr/example_design/ 
ips2t_sgmii_top.pds 


Example Design project file. 


<project_path>/pnr/example_design/ 


ips2t_sgmii_top.fdc 


Generated Example_Design constraints file. 


Notice: 


e The .pds file and .fdc file generated by the IP are for reference only. Please change the pin 
constraints according to the actual pin connection when using it. 


e The *_vpAll.vp file in the *.vp file contains the contents of other *.vp files, and selecting this 
file is equivalent to selecting all other *.vp files; users can choose to use them according to 
their own usage habits, but neither can Select at the same time, otherwise an error will be 
reported. 


* simvpAll.vp is the same 


2.3.2 Constraint Configuration 
For the specific configuration method of the constraint file, you can refer to the related help 


documents User Constraint Editor User Guide [5], Physical Constraint Editor User Guide [6], 
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Route_Constraint_Editor_User_Guide[7] in the PDS installation path. 


2.3.3 Running the simulation 


The simulation of the SGMII 1GbE IP is based on Example Design's Test Bench. See 2.4 Example 
Design for details on Example Design. 


For more detailed information about PDS simulation functions and third-party simulation tools, 
you can refer to the related help documents Pango Design Suite User Guide [2], Simulation User 
Guide [4] under the PDS installation path. 


2.3.4 Synthesis and Place and Route 


For the specific usage of PDS synthesis tools and placement and routing tools, please refer to the 
help documents under the PDS installation path. 


Notice: 


The Example Design project file pds and pin constraint file .fdc generated with the IP are stored 
in the /example_design directory. The physical constraints need to be modified according to the 
actual device used and the routing of the PCB board. For details, please refer to 2.8 Instructions and 
Precautions. ". 


2.3.5 Resource utilization 


See Table 2-4 for the maximum resource utilization of the SGMII IP based on the PG2L100H 
device. 


Table 2-4 Maximum resource utilization of SGMII IP based on PG2L100H 


Device IP Operating Maximum resource utilization 
mode LUTs FF USCM | HSSTLP 
(parameter 
check option ) 

GE 
Auto Negotiation 866 857 3 1 
MDIO Enable 

PG2L100H e 794 809 4 l 
MDIO_Enable 
Both GE And SGMII 723 738 3 1 
Both GE And SGMII 

546 520 3 1 
No Buffer 
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2.4 Example Design 


This section introduces the Example Design scheme of SGMII 1GbE IP based on Both GE And 
SGMII mode. The scheme performs auto-negotiation by instantiating a MAC Side SGMII 1GbE IP and 
a PHY Side SGMII 1GbE IP interface respectively, and then CRC checks the sent data to verify whether 
the data on the receiving side is correct. This scheme performs read and write register operations 
on SGMII Core through the MDIO interface. 


Description: 


The HSSTLP IP interface can only be accessed through the APB interface, and only the interface 
is reserved in the Example Design. The actual read-write module can be added by the user according 
to the actual application requirements. 


2.4.1 Design Block Diagram 


The system block diagram of Example Design is shown in Figure 2-7. 


pango_sgmii_onboard_top(BOARD A) 


board_addr_sel " 
SW sgmii dut top 


| debug core —» 


external rstn 


|cross reset sync —39»| 

— CC pkg gen > 

external, soft. rstn Tr 
i - 
uar tx pkg chk <—— 
T . Chis ^ sgmii wrapper 
Efl m m uart_ctri_top «4—AP5—» sgmii reg slave 4 — 
a” 
—— 
Serial Tx Serial Rx 


mdio 


pango_sgmii_onboard_top(BOARD B) 


sgmii_dut_top 


| debug core > 
external_rstn — = Serial Rx Serial Tx 
| cross_reset_sync-—> 


pkg_gen —> 
external_soft_rstn ——— 


pkg_chk e 


o> sgmii wrapper 


uart ctrl top. 


[e—a 


sgmii reg slave 


ía > 


mdio 


Figure 2-7 Both GE And SGMII Pattern Example Design block diagram 
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2.4.2 Module Description 
1. uart_ctrl_top 


The serial port module used for debugging, the baud rate is fixed at 115200, it is used to receive 
UART data, and output it in the data format required by the APB protocol or the MDIO protocol. The 
address of read and write operations is 24bit, and the data is 32bit. 


(1) Instructions for reading and writing operations 
e Read operation format: address +0x72 
e Write operation format: data address +0x77. 


For related read and write operation examples, please refer to 2.8.6 uart ctrl top module read 
and write operation examples”. 


(2) Address description 


When accessing the register through the uart_ctrl_top module, the address description is shown 


in Table 2-5. 
Table 2-5 uart_ctrl module address description 
Address Description 
bits 
23 For debug use only, set to O . 
22 Set to O when accessing the register through the APB interface; set to 1 
when accessing the register through the MDIO interface. 
5 Valid when accessing registers through the APB interface. 
Set to O when accessing the reg slave module; set to 1 when accessing the IP. 
20:19 Not used, set to O. 
18:0 IP register address (see "2.6 IP register description") or register address in reg slave. 


2.sgmii reg slave 
Custom register module used for debugging 


Table 2-6 sgmii reg slave Register Description 


Register address | R/W Description Default value 
( 16bit ) ( 32bit ) 
bitO:ge or sgmii 
0:ge mode 1: 
0x0000 W S 0x10 
sgmii mode 


the rest ofthe bits no effect 
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0x0001 


bit28 : pin_cfg_en Fast port configuration is enabled. 


O: Invalid express port configuration 
1: enable fast port 

configuration bit26 : 

phy. duplex bit[25:24] : 

phy. pause bit22 : 

phy. link 


bit[17:16] : phy. speed, SGMII valid in mode 


2'b11 : reserved 

2'b10 : SGMII 1000M 

2'b01 : SGMII 100M 

2'b00 : SGMII 10M 

bit4 : an enable, auto- 
negotiation enable 1'b0 : 
disable auto-negotiation 
enable 

1'b1 : enable auto-negotiation 
enable bitO : an restart , 
restart auto-negotiation 1'bO : 
disable auto-negotiation and 
restart 

1'b1 : enable auto-negotiation restart 


0x07420010 


0x0004 


bitO : start test 

1'bO: turn off 

sending 

packets 

1'b1: Open the package 


0x0 


3. debug core 


PDS is used to capture waveforms for viewing certain module specific signals.. 


4. cross reset sync 


Synchronize and debounce the asynchronous signal input from the outside. 


S. pkg gen 


Generate transmission data. 


6. pkg chk 


CRC on received data check. 


7. sgmii wrapper 


SGMII IP top layer. 
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2.4.3 Interface description 


The interface description for the Example Design is shown below. 


Table 2-7 Example Design Interface List 


Chapter 2 IP Usage Guidelines 


Port name Bit I/O Port Description Pin 
width constraints 
External reference clock, used as APB's pclk 
free clk 1 l and HSSTLP reset clock in this example G5 
design, must use 50MHz 
external_rstn 1 | System reset signal, low level reset. AA23 
hsst cfg soft rstn 1 | HSSTLP IP Configuration parameter reset AA22 
signal, low level reset. 
P_REFCKN 1 | HSSTLP IP Differential reference clock input N - 
terminal, 125MHz . 
P REFCKP 1 | HSSTLP IP Differential reference clock input - 
P terminal, 125MHz . 
P LOTXN 1 O HSSTLP IP Differential serial output signal N - 
end. 
P LOTXP 1 O HSSTLP IP Differential serial output signal P - 
end. 
P_LORXN 1 | HSSTLP IP Differential serial input signal N z 
end. 
P_LORXP 1 | HSSTLP IP Differential serial input signal P - 
end. 
LED50M1S 1 O free_clk Clock indicator, normal 1S Blink once. V24 
LED125M1S 1 O 125MHz Differential clock indicator, 1S when AA25 
normal Blink once. 
The indicator of the correct verification of the 
ok_led 1 O M , : W25 
= receiving packet, after starting to receive the 
data packet, is always on normally. 
cfg uart txd 1 O The local end sends data port to the upper C24 
computer. 
cfg_uart_rxd 1 | The local end receives the data port sent by D24 
the host computer. 
uart rxd to partn 1 O The port on which the local end sends data to B19 
er the opposite end. 
uart_txd_from_par 1 | The port on which the local end receives the B20 
tner data sent by the peer. 
. HSSTLP IP PMA CDR lock indicator, always on 
lO cdr align 1 O W24 
when normal. 
IO tx pll lock 1 O HSSTLP IP PLL The lock indicator light is always AA24 
on. 
HSSTLP IP Word Align Alignment indicator, 
IO Ism synced 1 O AC24 
always on when normal. 
IO an status 1 O SGMII IP Link status indicator, always on when AB25 
normal. 
master_mdc_o 1 O MDIO The output clock is generated by the D4 
serial port module. 


https://innek.ru/ 


Logos2 SGMII 1GbE IP User Guide 


19/71 


Oe Una 


Chapter 2 IP Usage Guidelines 


master_mdio 1 IO MDIO data signal. A20 
slave_lO_mdc 1 | MDIO Input clock, with master_mdc_o connect. E5 
slave IO mdio 1 IO MDIO data signal, with master mdio connect. A19 
10_ctrl3 1 | Single board serial port address control signal, default T24 
A board address is O 
B board address is 1 
Note: "- " means passed HSSTLP Relevant constraints carry out position constraints. 
2.4.4 Test Method 


In Example Design, by instantiating the SGMII 1GbE IP of the corresponding mode (see "2.3 IP 
Generation Process", "2.4.5 Example Configuration"), use the Example Design project that comes 
with the IP to generate the bit stream (see Table 2 for the project path 3 ). Use two PG2L100H- 
6FBG676 test boards for docking test, one to program the MAC-side bit stream, and the other to 
program the PHY-side bit stream. Judge the test result according to the link indication and CRC check 


result. 


The debug_core module has been added to the Example Design. Through the inter-board docking 
test, the Debugger tool in the PDS software can be used to capture the data of the PCS sender and 
the PCS receiver, and the related screenshots of the statistics of the number of packets sent and 


received are shown below. Users can increase or decrease the signals to be captured according to 


the actual situation. The description of the debug core signal is shown in Table 2-8. 


levice 


S-JTAG Chain 


=) DEV:0 MyD 


ADC 
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Figure 2-9 PCS Receiver data 


= JTAG Chain 
E DEV:0 MyDevice0 (Logos2-PG2L1 


Figure 2 10 Packet receiving statistics sequence 


Table 2-8 debug core signal description 


Debug core TriggerPort Signal name 
Numbering 
TriggerPortO[0]~ TriggerPortO[7] pcsO txd[O]^ pcsO txd[7] 
TriggerPortO[8] pcsO txk 
debug rore TriggerPortO[9]~ TriggerPortO[15] 7'ho 
TriggerPortO[16]" TriggerPort0[47] pkg_gen_cnt[0]~pkg_gen_cnt[31] 
TriggerPortO[48]^ TriggerPortO[127] 80'hO 
TriggerPortO[0]~ TriggerPort0[31] rcving cnt[0]^ rcving cnt[31] 
défiug:coret TriggerPortO[32]~ TriggerPortO[63] crc err cnt[O]" crc err cnt[31] 
TriggerPort0[64]” TriggerPortO[95] crc ok cnt[O]^ crc ok cnt[31] 
TriggerPortO[96]^ TriggerPortO[127] 32'h0 
TriggerPortO[0] signal loss 
debug core2 TriggerPortO[1]" TriggerPortO[7] 7'hO 
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TriggerPort0[8] rdispdec_er 
TriggerPortO[9]~ TriggerPortO[15] 7'ho 

TriggerPortO[16]~ TriggerPort0[23] pcsO_rxd[0]~ pcsO rxd[7] 
TriggerPortO[24] pcsO rxk 
TriggerPortO[25]^ TriggerPortO[127] 103'h0 


2.4.5 Instance Configuration 


The MAC configuration of Both GE And SGMII is shown in Figure 2-11. 


Figure 2-11 Both GE And SGMII MAC Terminal configuration diagram 


The PHY side configuration of Both GE And SGMII is shown in Figure 2-12 


Figure 2-12 Both GE And SGMII PHY side configuration diagram 


2.4.6 Example Simulation 


Under Windows system, after IP is generated, under the path of «project path>/sim/modelsim, 
double-click the *.bat file (see 2.3.1 3 Generate IP) to run the simulation. 


2.5 IP Interface Description 


This section introduces the SGMII 1GbE IP related interface description and timing description. 
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2.5.1 SGMII 1GbE IP Interface Description 
1. SGMII 1GbE IP interface block diagram 


I0 gmii txd[::9) ——> SGMII P_LOTXN 
l0 gmii tx en ———9 P. LOTXP 
l0 gmii tx er > IP P. LORXN 
lO tx clken P LORXP 
t AER : - 
IO transmitting Verum — 
IO gmii rxd[7:0] <= lo cdr align 
IO gmii rx dv < lO tx pll lock 
GMII |o gmii rx er + 10_Ism_synced 
IO rx clken a hsst_ch_ready 
IO receiving > txpll_sof_rst_n 
txlane_sof_rst_n 
lO sgmii clk AIL rxlane sof rst n[3:0] 
lO sgmii rx clk — «4——— wtchdg clr 
M bc UM UN aa ali hsst cfg soft rstn 
Io mdi — pclk 
MDIO IO mdo p P. REFCKN 
l0 mdo en + P_REFCKP 
Io phy addr[4:0] ——> free clk 
IO mdc Clk and Rst 
n OO t oe] external rstn 
pwrite — QM "s 
; lO rx rstn sync 
Laos IO tx rstn sync 
penable — p= Sy 
APB  paddr[18:0) ——p ERIE i o CARO 
pwdata[31:0] —— pcs_nearend_loop 
prdata[31:0] RÁ pes_farend_loop 
< pma_nearend_sloop 
"e pma, nearend ploop 
———— —— AN, CS[3:0] 
Auto-Negotiation AN NS[3:0] 
IO link timer value[20:0]. ———»> RS CS[4:0] 
RS NS[4:0] 
DERNIERE CR DSR TS_CS[4:0] 
lO status vector[15:0] «——— TS NS[4:0] Debug 
lO. phy link —> xmit[1:0] o 
Mi 10_phy_duplex — rx_unitdata_indicate[1:0] 
lo phy. speed[1:0] — >] pcsO clk 
lO ge or sgmii — pcsO rx clk 
Io pin cfg en — pcsO_rxk 
lo phy pause[1:0] — pcsO rdispdec er 
lo phy. remote fault[1:0] mu, pcsO. rxd[7:0] 
Io unidir en — pcsO_txk 
lO an restart — pcsO tx dispctrl 
Io an enable — pcsO tx dispsel 
IO loopback — P pcsO, txd[7:0] 


Figure 2-13 SGMII 1GbE IP interface 
2. SGMII 1GbE IP Interface list 


Table 2-9 SGMII IP List of interface signals 
Signal UO Description 


clock signal 


lO mdc input | Management Data Clock , for MDIO interface clock, when MDIO 
interface enable 


When must give the clock, the frequency is 2.5MHz . 


pclk input | APB clock for APB Interface clock, frequency SOMHz~100Mhz . 
P REFCKN input | HSSTLP IP Differential clock used N terminal, frequency 125MHz . 
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Signal I/O Description 
P_REFCKP input | HSSTLP IP Differential clock P used terminal, frequency 125MHz. 
free_clk input | HSSTLP IP The reset sequence reference clock, the frequency is 
10MHz”100MHz . 
reset signal 


input | External global reset: 

external_rstn 0 : reset; 

1: Normal operation. 

output | HSSTLP IP PCS RX Terminal reset signal: 
lO rx rstn sync 0 : reset; 


1: Normal operation. 
output | HSSTLP IP PCS TX Terminal reset signal: 
lO tx rstn sync 0 : reset; 


1: Normal operation. 


output | SGMII Core Output configuration reset signal, working in free clk clock 


cfg rstn domain. 
O: reset; 


1: Normal operation. 


HSSTLP IP side signal 
P LOTXN output | HSSTLP IP Send differential signal N end. 
P_LOTXP output} HSSTLP IP Send differential signal P end. 
P_LORXN input | HSSTLP IP Receive differential signal N end. 
P_LORXP input | HSSTLP IP Receive differential signal P end. 


Corresponding to HSSTLP IP P_RX_SIGDET_STATUS is obtained by 
inverting the value , see " UG041004 Logos2 HSSTLP IP UserGuide " 
lO signal loss output [9] . 

O : Indicates slave port P L*RXP / P L*RXN A valid signal is detected; 


1: Indicates slave port P. L*RXP / P. L*RXN No valid signal detected. 
Note: This signal is an asynchronous signal. 


Corresponding to P RX READY of HSSTLP IP, see 
" UG041004 Logos2 HSSTLP IP UserGuide " [9] . 
lO cdr align output | O : Indicates CDR Unlocked flag signal; 


1: Indicates CDR The flag signal has 

been successfully locked. Note: This 

signal is an asynchronous signal. 

Corresponds to P PLL READY of HSSTLP IP, see 
"UGO41004 Logos2 HSSTLP IP UserGuide " [9] . 
IO tx pll lock output | 0: PLL not locked; 

1: PLL locked. 

Note: This signal is an asynchronous signal. 

Sync status signal, corresponding to HSSTLP IP of P PCS LSM SYNCED, 
see 

10_Ism_synced output | " UGO41004_Logos2_HSSTLP_IP_UserGuide " [9] . 
O : Word Align unsuccessful; 


1 : Word Align success. 
Note: This signal is an asynchronous signal. 
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HSSTLP IP Serdes RX _ Channel reset completion flag, bit3^bitO 


hsst ch ready[3:0] | output| correspond 
Lane3^LaneO , LaneO is used by default : 


O : HSSTLP IP Serdes RX Channel reset is not completed; 
1: HSSTLP IP Serdes RX _ Channel reset is complete. 
Note: This signal works in free_clk clock domain. 

input | HSSTLP IP PLL Soft reset: 

O: reset; 

txpll_sof_rst_n 1 : normal work; 

Note: This signal is in HSSTLP IP Internally sync to free_clk clock 
domain. 

input | HSSTLP IP Serdes TX _ Channel soft reset: 

O: reset; 

txlane sof rst n 1: Normal operation. 


Note: This signal is in HSSTLP IP Internally sync to free clk Clock 
domain, only used for debugging, and RX reset is required after TX 
reset. 

input | HSSTLP IP Serdes RX _ Channel soft reset, bit3~bitO correspond 
respectively 

rxlane sof rst n[3:0] Lane3~Lane0 , IP LaneO is used by 

default : O : reset; 


1 : normal work; 
Note: This signal is in HSSTLP IP Internally sync to free clk Clock 
domain, used only for debugging. 


input | HSSTLP IP Reset sequence watchdog clear signal, for debugging: 
1: The watchdog counter is cleared; 


wtchdg clr 0 : normal work; 
Note: This signal requires free clk to work clock domain. 
GMII Signal 
lO gmii txd[7:0] input | GMII TXD[7:0] signal. 
lO gmii tx en input | GMII TX EN Signal. 
IO gmii tx er input | GMII TX ER Signal. 
PCS Send status signals. 
IO transmitting output | 1: PCS is being sent Signal; 
O: no PCS sent Signal. 
IO gmii rxd[7:0] output | GMII RXD[7:0] signal. 
IO gmii rx dv output | GMII RX DV Signal. 
IO gmii rx er output | GMII RX ER Signal. 
PCS Receive status signals. 
IO receiving output | 1: PCS is being received Signal; 
O : No PCS received Signal. 
lO sgmii clk output | GMII Operating clock, 125MHz . 
IO sgmii rx clk output | GMII Receive working clock, No Buffer mode used, 125MHz . 
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GMI TXD clock enable signal, the GE mode is all high, the SGMII The 
mode looks like this: 


Speed=11 : Reserve ; Speed =10: All high level. 


IO tx clken output | Speed -01 : every 10 A pulse signal is generated every clock cycle; 
Speed =00 : every 100 A pulse signal is generated every clock cycle. 
IO rx clken output | GMII RXD Clock enable signal, No Buffer mode used in GE mode is 


full high, on SGMII The mode looks like this: 
Speed=11 : Reserve ; Speed =10: full high level; 


Speed =01 : every 10 A pulse signal is generated every clock cycle; 
Speed =00 : every 100 A pulse signal is generated every clock cycle. 


status signal 
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Output state statistics vector: 


Bit[15] : resolve priority : 

Controls the Invocation of the Priority Resolution Function. This signal is 
in the IDLE DETECT of auto- negotiation Status and LINK OK state is 
pulled high, other states are pulled low. Bit[14] : an complete : 


Auto-negotiation is complete. 

Bit[13] : an page rx: 

New configuration data received from autonegotiation. 
Bit[12] : rxdisp er: 

10B/8B Decoding 

polarity error. Bit[11] : 

rxdec er : 10B/8B 

Decoding data error. 


[10:9] : remote fault encode : 
Link status from Link Partner received from negotiation : 


IO status vector[15:0 SGMII MAC Mode: 10 : Link exception; 00 : Link 


] Normal; SGMII PHY mode: fixed at O; 
Ge Mode: 00: No Error , Link OK. . 
01: Offline. 


10: Link Failure. 
11: Auto-Negotiation_Error [8:7] : 


output | Pause: 


Link received from auto negotiation Partner Pause _ capability, GE 
Valid in mode. 


[6] : rxbuferr , Elastic Buffer Overflow flag signal: 
1: overflow, 0: not 
overflow. [5] : duplex : 


1 : Full Duplex, O : Half Duplex. 

[4:3] : speed[1:0] : 

11 : Reserved; 

10 : 1000Mbps ; 

01 : 100Mbps ; 

00 : 10Mbps ; 

[2:1] : rx unitdata indicate[1:0], 01 : INVALID, on 
receiving C code or | An error was sent when the 
code was sent; 

10 : /C/ , receiving C code; 

11 : /1/, receiving | code; 

[0] : link status. 

When auto- 

negotiation is 

enabled: 
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1 : The synchronization is successful and the auto-negotiation is 
completed; 


O : Synchronization failed or auto- 
negotiation did not complete. 
When auto-negotiation is off: 


1 : Synchronization succeeded; 


O : Synchronization failed. 
Quick configuration port 


input | Fast configuration enable signal. 


1 : The port quick configuration signal is valid, and the corresponding 
register can be configured. 


lO pin cfg en O : The port fast configuration signal is invalid, the corresponding 
register can pass MDIO or APB Interface configuration . 

MDIO Enable When the parameter is checked, this signal needs to be 
connected with IO mdc Clock synchronization; 

MDIO Enable When the parameter is not checked, the signal 
needs to be connected with pclk Clock synchronization. The 

high level of this signal must be maintained for at least one 

lO mdc or pclk clock cycle. 

input | SGMII PHY in mode Side When the enable is high, this signal is 
meaningful, indicating PHY Device Link Status . 

1:Link Up ; 

IO phy. link 0 : Link Down . 

Configurable register reg4.15 . 


MDIO Enable When the parameter is checked, this signal needs to be 
connected with IO mdc Clock synchronization; 

MDIO Enable When the parameter is not checked, the signal needs to 
be connected with pclk Clock synchronization. 

input | SGMII PHY in mode Side When the enable is high, this signal is 
meaningful, indicating PHY Device Duplex mode . 


1 : full duplex; 

lO phy duplex 0 : Half-duplex. 

Configurable register reg4.12 . 

MDIO Enable When the parameter is checked, this signal needs to be 
connected with IO mdc Clock synchronization; 

MDIO Enable When the parameter is not checked, the signal needs to 
be connected with pclk Clock synchronization. 


https://innek.ru/ Logos2 SGMII 1GbE IP User Guide 
28/71 


p) (P [A LA 
oe U A 3 ^ Chapter 2 IP Usage Guidelines 


input | SGMII This signal is meaningful in mode, indicating PHY Device Speed . 
11 : Reserved ; 


10 : 1000Mbps ; 
01 : 100Mbps ; 
00 : 10Mbps . 


SGMII PHY In side mode, reg4.11:10 can be configured when auto- 
negotiation is enabled, and (reg0.6,reg0.13) can be configured when 
auto-negotiation is disabled . 


lO phy speed 


SGMII MAC Side In mode, it is meaningless when auto-negotiation is 
enabled, and {reg0.6,reg0.13} can be configured when auto- 
negotiation is disabled . 


MDIO Enable When the parameter is checked, this signal needs to be 
connected with IO mdc Clock synchronization; 
MDIO Enable When the parameter is not checked, the signal needs to 
be connected with pclk Clock synchronization. 


input | GE mode, 11 : Auto-Negotiation Error; 10 : Link Failure ; 
01 : Off Line ; 
IO phy remote fault 00 : No Error, Link Ok. 


input | Configurable registers reg4.13:12 . 

MDIO_Enable When the parameter is checked, this signal needs to be 
connected with IO mdc Clock synchronization; 

MDIO_Enable When the parameter is not checked, the signal needs to 
be connected with pclk Clock synchronization. 


input | GE This signal is meaningful in mode. 

11: Both Symmetric PAUSE and Asymmetric PAUSE toward Local Device 
10: Symmetric PAUSE ; 

01: Asymmetric PAUSE toward Link Partner ; 

00: No PAUSE. 


IO phy pause 


Configurable registers reg4.8:7 . 

MDIO Enable When the parameter is checked, this signal needs to be 
connected with IO mdc Clock synchronization; 

MDIO Enable When the parameter is not checked, the signal needs to 
be connected with pclk Clock synchronization. 


input | One-way mode control. 

1 : Unidirectional mode enabled; 

0 : Unidirectional mode 

IO unidir en is disabled. 

Configurable register 

reg0.5 . 

MDIO Enable When the parameter is checked, this signal needs to be 
connected with IO mdc Clock synchronization; 


MDIO Enable When the parameter is not checked, the signal needs to 
be connected with pclk Clock synchronization. 


https://innek.ru/ Logos2 SGMII 1GbE IP User Guide 
29/71 


^v LA P 
oe U A 3 4% Chapter 2 IP Usage Guidelines 


input | Auto-negotiation restart control. 


1: Auto-negotiation restart; 
O : Auto-negotiation 

I0 an restart works normally. 

Configurable register 

reg0.9 . 

MDIO Enable When the parameter is checked, this signal needs to be 
connected with IO mdc Clock synchronization; 


MDIO Enable When the parameter is not checked, the signal needs to 
be connected with pclk Clock synchronization. 


input | Auto-negotiation enable control. 
1 : Auto-negotiation enabled; 

O : Auto-negotiation is disabled. 
I0 an enable Configurable register reg0.12 . 


MDIO_Enable When the parameter is checked, this signal needs to be 
connected with IO mdc Clock synchronization; 
MDIO_Enable When the parameter is not checked, the signal needs to 
be connected with pclk Clock synchronization. 


input | SGMII Core Loopback control. 

1 : loopback enable; 

O : Loopback is disabled. 

I0_loopback Configurable register reg0.14 . 

MDIO_Enable When the parameter is checked, this signal needs to be 
connected with IO mdc Clock synchronization; 

MDIO Enable When the parameter is not checked, the signal needs to 
be connected with pclk Clock synchronization. 


Working mode configuration 
input | Both GE And SGMII mode, used in the GE and SGMII Switch between 


lO ge or sgmii modes: 
O: GE model; 
1: SGMII model. 
MDIO Signal 
lO mdi input | Management Data In . 
IO mdo output | Management Data Out. 


Output enable control signal. 
IO mdo en output | 1: mdo data is valid; 
O : mdo Data is invalid. 


IO phy addr input | Entered PHY address. If it is consistent with the PHY address on mdi, 
the MDIO read and write operations are valid; if not, the MDIO read 
and write operations are invalid. 


APB Signal 
input | APB Write enable signal. 
pwrite 1: write data; 
O : Read data. 
input | APB Interface chip select signal. 


psel 1 : selected; 
O: Not selected. 
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input | APB Interface access enabled. 


penable 1 : enable; 
O : Disabled. 
paddr[18:0] input | APB The interface reads and writes the address bus. 
pwdata[31:0] input | APB Interface write data bus. 
prdata[31:0] output | APB Interface read data bus. 


APB Interface read and write Ready Signal. When writing 
1 : Data has been successfully written to the register. ; 


O : Data has not been successfully written to the register. During read 
pready operation 


output | 1: read data is ready; 
O : Read data is not ready yet. 


Auto-Negotiation 


input | link timer valve set up. 


IO link timer value[2 GE In mode, set to: 10ms/8ns-1250000 ; 
0:0] SGMII In mode, set to: 1.6ms/8ns-200000 ; 
To reduce simulation time, set this value to: 2us/8ns=250 . 
Debug Signal 


input | PCS Parallel near-end loopback enable signal. 
pcs nearend loop O : Disable PCS Parallel proximal loopback; 
1: Enable PCS Parallel proximal loopback. 


input | PCS Parallel remote loopback enable signal. 
pcs farend loop O : Disable PCS Parallel remote loopback; 
1: Enable PCS Parallel remote loopback. 


input | PMA Serial near-end loopback enable signal. 
pma, nearend sloop 0 : Disable PMA Serial near-end loopback; 


1: Enable PMA Serial near-end loopback. 


input | PMA Parallel near-end loopback enable signal. 
pma nearend ploop 0 : Disable PMA Parallel proximal loopback; 
1: Enable PMA Parallel proximal loopback. 


AN CS[3:0] output | SGMII Core The current state of the auto-negotiation state machine. 
Note: work in lO sgmii clk clock domain. 


AN NS[3:0] output | SGMII Core The next state of the auto-negotiation state machine. 
Note: work in lO sgmii clk clock domain. 


SGMII Core Receives the current state of the state machine. 
RS CS[4:0] output | Note: No Work in the IO sgmii rx clk clock domain in buffer mode, 
and work in the lO sgmii clk clock domain in buffer mode . 


SGMII Core Receives the next state of the state machine. 


RS NS[4:0] output | Note: No Work in the IO sgmii rx clk clock domain in buffer mode, 
and work in the lO sgmii clk clock domain in buffer mode . 

TS CS[4:0] output | SGMII Core Sends the current state of the state machine. 
Note: work in lO sgmii clk clock domain. 

TS NS[4:0] output | SGMII Core Send the next state of the state machine. 


Note: work in lO sgmii clk clock domain. 
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SGMII Core The xmit output by the auto-negotiation state machine 


xmit[1:0] output | Signal, used to indicate the data type currently sent , see /EEE 802.3- 
2012 | 66 37.3.1.1 for details . 
Note: work in IO sgmii clk clock domain. 


rx unitdata indicate[ PCS The received data type is sent to the auto-negotiation module. 
1:0] output | Note: No buffer Mode work in IO sgmii rx clk Clock domain, enable 
Buffer Mode works in the IO sgmii clk clock domain. 
pcs clk output | Corresponding to HSSTLP of P TCLK2FABRIC O, see 
" UG041004 Logos? HSSTLP IP UserGuide " [9] . 
pcsO txk Corresponding to HSSTLP of P TDATA O[10], see 
output | " UGO41004 Logos2 HSSTLP IP UserGuide " [9] . 
pcsO txd output | Corresponding to HSSTLP P TDATA 0[ 7:0], see 
" UG041004 Logos2 HSSTLP IP UserGuide " [9] . 
pcsO tx dispctrl output | Corresponding to HSSTLP P TDATA O[9], see 
" UG041004 Logos2 HSSTLP IP UserGuide " [9] . 
pcsO tx dispsel output | Corresponding to HSSTLP P TDATA O[8], see 
" UG041004 Logos? HSSTLP IP UserGuide " [9] . 
pcs rx clk output | Corresponding to HSSTLP of P RCLK2FABRIC O, see 
"UGO41004 Logos? HSSTLP IP UserGuide " [9] . 
pcsO rxk output | Corresponding to HSSTLP of P_RDATA_0[10] , see 
" UG041004 Logos? HSSTLP IP UserGuide " [9] . 
pcsO rxd Corresponding to HSSTLP of P RDATA O0[7:0] , see 


output | " UG041004 Logos2 HSSTLP IP UserGuide " [9] . 
Corresponding to HSSTLP P RDATA O [8] and P RDATA O[9], 
pcsO rdispdec er output | Corresponding to 

OR of P RDATA O[8] and P. RDATA O[9] , see 

" UGO41004 Logos? HSSTLP IP UserGuide " [9] . 


2.5.2 Register Management Interface 


SGMII 1GbE IP provides two register configuration management interfaces - APB interface and 
MDIO interface, through the interface configuration "MDIO Enable" to select whether to enable 
the MDIO interface. For detailed description, please refer to "2.3.1 2 Configuring IP Parameters". 


e When the MDIO interface is disabled, the SGMII 1GbE IP operates the registers of HSSTLP 
and SGMII Core through the APB interface. 


e When the MDIO interface is enabled, the SGMII 1GbE IP operates the registers of the 
HSSTLP IP through the APB interface, and operates the registers of the SGMII Core through 
the MDIO interface. 


1. APB interface timing description 


(1) APB write timing 
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pelk t LF LF LF LA Ll 
paddr[18:0] MX address — 5  — 
pwrite p ou c. P a 
psel MEN. „AN ai en) TEN 
penable A A IS NNNM 
pready y!) | NA 
pwdata[31:0] 


Figure 2-14 APB basic write timing 


(2) APB read timing 


pelk LF 1.1 LF OCF DS LF L 
paddr[18:0] EX address 1 
pwrite 

psel AENEIS LEE aan MEE MEE NEN 
penable TE ETA: 
pready po N SI SII | — POI 
prdata[31:0] 


Figure 2-15 APB Basic read timing 
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2. MDIO interface timing description 


(1) MDIO write timing 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 


| | | | | | Li | I 
| | | | | | | | | 


a iptu rh cht ih | 


mão (TIE (0 |1 |O |1 | Pa) 3| P2] PUO] RA | RB | RZ/RI/ RO, 1 |O | DIS DI4 DIS D12 D11010 D9 Dé, D7 DG DS D4 D3 02, DA, DOZ 
| | | | | | | | | | | | I 
mdo en l | | | | | | | | | | | l 
X | — A RE A N N N NR N N N N N N N N O N A 
| | |] | | | | | [| | | 
| | | | | | | | l | | 
| | | | | | | | l | | | 
m A" st | of | Co ehya ' | ' REGAD | TA 16 bit WRITE DATA | 
Figure 2-16 MDIO write timing 
(2) MDIO read timing 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 
mde 
| I [ [ I | | | I [| | | I 
! | | | | | | | I | | | : | I 
mái ! a A] 
2/2 1 1 1 0 1 la lo | Pa! P3! P2/ PLI PO RA RS R2 RL RO! Z lO | DIS D14 D13 012 011010 DS D8 D7 DE DS D4 D3 D2 DI DOZ 
mdo | | 
mdo en | 


16 bit READ DATA | 


Figure 2-17 MDIO read timing 


2.5.3 GMII interface 
1. GE Mode 


(1) GMII send timing 
12 3 4 5 6 7 8 9 10 lb e oe oe — n3 n2 mnl n 


sgmii clk 
(125MHz) 


tx clken 
mii tx en / N 
gmii txd[7:0]—(55 X55 X55 X55 X35 X58 X55XDSX — DATA SX RE 


gmil tx er 
Figure 2-18 GE Mode GMII Send timing 


(2) GMII receive timing 
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a 2 3 4 5 6 7 8 9 10 1l + - = = n3 m2 ml n 
sgmii clk 
(125MHz) 


rx clken 
gmi rx dv _/ \— 
gmii rxd[7:0] —C55 X35 X55 X55 X55 X55 X55XDSX | DATA XRO 2— 


gmii rx er 


Figure 2-19 GE Mode GMII Receive timing 
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2. SGMII mode 


(1) GMII send timing 


101 


i 


sgmii_clk 
(125MHz) 


tx_clken 


gmii_tx_en 


gmii_txd[7:0] 


gmii_tx_er 


Figure 2-20 GMII sending timing when the rate is 100Mbps in SGMII mode 


Notice: 


* In SGMII mode, when the rate is 10Mbps, tx clken is pulled high every 100 125MHz clock cycles, and each 
data lasts for 100 125MHz clock cycles; 


* In SGMII mode, when the rate is 100Mbps, tx clken is pulled high every 10 125MHz clock cycles, and each 
data lasts for 10 125 MHz clock cycles; 


* In SGMII mode, when the rate is 1000Mbps, tx clken is full high, and each data lasts for one 125MHz clock 
cycle.. 


(2) GMII Receive timing 


sgmii clk 
(125MHz) 


rx. clken 


gmii rx dv 


gmii_rxd[7:0] 


gmii_rx_er 


Figure 2-21 GMII receiving timing when the rate is 100Mbps in SGMII mode 
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Notice: 


* In SGMII mode, when the rate is 10Mbps, rx clken is pulled high every 100 125MHz clock cycles, and each 
data lasts for 100 125MHz clock cycles; 


* In SGMII mode, when the rate is 100Mbps, rx clken is pulled high every 10 125MHz clock cycles, and each 
data lasts for 10 125 MHz clock cycles; 


e In SGMII mode, when the rate is 1000M, rx clken is full high, and each data lasts for 1 125 MHz clock cycle. 


2.6 IP register description 


The contents of the registers depend on the IP configuration method (see 2.3.1 2 Configuring IP 
Parameters"). The definitions of the registers in different working modes are different, as described 
below. The registers can be configured through the configuration management interface MDIO 
interface or APB interface, or Configuration via easy and fast interface. 


2.6.1 SGMII Core register description 


Description: 
A reset resets the values of all registers to their default values. 


The register attribute contains "self-clearing" registers. After the configuration through the 
management configuration interface, the IP can automatically clear the register value after one 
management configuration interface clock cycle. When using the quick configuration port to 
configure the self-clearing register, the self-clearing does not work, and you need to cancel the port 
configuration by yourself. 


The register attribute contains the "read clear" register. After the value of the register is read 
through the management configuration interface, the value of the register is immediately cleared. 


1. GE mode 
(1) The auto-negotiation function is enabled and configurable 


Table 2-10 Register definitions when the auto-negotiation function in 10 GE mode is enabled and configurable 


Addr Register Description 
O | Control Register (Register O) Configure SGMII Parameters of the 
module function. 
1 | Status Register (Register 1) SGMII Module status parameters. 
PHY Identifier Register (Register 2 and 3) PHY ID. 
PHY Identifier Register (Register 2 and 3) PHY ID. 
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4 | Auto-Negotiation Advertisement Register The auto-negotiation capability of the 
(Register 4) local device. 
Auto-Negotiation Link Partner Ability Base o A 

5 i : The auto-negotiation capability of the 
Register (Register 5) . 

peer device. 

6 | Auto-Negotiation Expansion Register (Register | Auto-negotiation extension register. 
6) 

15 | Extended Status Register (Register 15) Extended Status Register. 

16 | Vender spc Register (Register 16) Buffer control register. 

17 | Vender spc 1 Register (Register 17) Loopback control register. 

Notice: 


It is recommended to read the value of Register5 through the MDIO or APB interface after the auto-negotiation 


is completed. 
Table 2-11 Control Register ( Register O) 
Bit | Field description Description Attrib | Default 
utes S 

0.15 Reserved Domain segment is reserved. read only 0 

pin cfg en=0 controlled by the 

management configuration interface 
vbt HOPDOHEN pin cfg en=1, controlled by lO loopback ied y 


1: Enable near-end loopback mode 
0: Disable near-end loopback mode 
0.13 Speed O: The speed is 1000Mbps read only 0 
Selection(LSB) 


pin cfg en=0 - controlled by the 
management configuration interface 
0.12 Auto-Negotiation pin_cfg_en=1 controlled by lO an enable read / 1 
Enable 1: Enable auto-negotiation write 
0 : Disable auto-negotiation 
When auto-negotiation is off, this register is 
ignored. 
0.11:10 Reserved Domain segment is reserved. read only 01 
pin cfg en=0 - controlled by the 
management configuration interface 
0.9 Restart pin cfg en=1 - controlled by IO an restart reni / 0 
Aute-Negatation 1 : restart auto-negotiation ped 
O : normal operation cleaning 
When auto-negotiation is off, this register is 
ignored. 
0.8 Duplex Mode 1 : full duplex read 1 
only 
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0.7 Reserved Domain segment is reserved. read 0 
only 
Speed 
0.6 P 1: The speed is 1000Mbps read 1 
Selection(MSB) only 


Unidirectional Mode Enable Register. 
pin_cfg_en=0 When it is controlled by the 
management configuration interface when 


0.5 Unidirectional d 0 
dm pin cfg enz1, itis controlled by pea 


Enable write 
10_unidir_en O: Unidirectional mode is 
disabled. 
1: One-way mode is enabled, the state of the 
receiving direction will not affect 
The work of ringing the sending direction. 
0.4:0 Reserved Domain segment is reserved. read 000000 
only 
Table 2-12 Status Register ( Register 1) 
Bit Field description | Description Attribu | Defaults 
tes 
TO Reserved Domain segment is reserved. read only| 0000000 
Extended Status Extended Status Register(reg15) supports [read only 1 
18 state 
17 Unidirectional Ability | One-way mode supports state. read only 1 
iE Reserved Domain segment is reserved. read only 0 
Auto-Negotiation 1 : Auto-negotiation completed 
Complete O : Auto-negotiation not completed read 0 
15 When auto-negotiation is off, this register is only 
ignored. 
Remote Fault 1 : Received Remote Fault. read only 0 
14 0 : Remote not received Fault . / read 
Clear /LH 
Auto-Negotiation Auto-negotiation capability support status. |read only 1 
1.3 Ability When auto-negotiation is off, this register is 
ignored. 
When auto-negotiation is enabled: 
1: Synchronization succeeded and auto- 
negotiation completed reai 
Link Status O : Synchronization fails or auto-negotiation | 
is not completed When auto-negotiation is only / 0 
closed: read 
1.2 1 : Synchronization succeeded clear 
0 : sync failed /LL 
— Reserved Domain segment is reserved. read only 00 
Table 2-13 PHY Identifier Register ( Register 2 and 3) 
Bit Field description | Description Attribute | Defaults 
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S 
Organizationally read / write| 000000000 
2.15:0 Unique Identifier undefined. 0000000 
read / write} 000000 
3.15:10 
Manufacturer's undefined. read / write] 000000 
3.9:4 Model Number 
T Revision Number undefined. read / write 00000 
Table 2-14 Auto-Negotiation Advertisement Register ( Register 4) 
Bit Field description Description Attribu | Defaults 
tes 
4.15:14 Reserved Domain segment is reserved. read 00 
only 
When pin cfg en=0, itis controlled by the 
management configuration interface 
pin cfg en=1 When, by 
lO phy remote fault control 
00: No Error, Link OK. 
01: Offline. 
4.13:12 Remote Fault 10: Link Failure. read / 00 
11: Auto-Negotiation Error Write 
4.11:9 Reserved Domain segment is reserved. read 000 
only 
pin_cfg_en=0 is controlled by the 
management configuration interface 
pin_cfg_en=1 When, by IO phy pause 00: read / 
01:Asymmetric PAUSE toward Link Partner 
10: Symmetric PAUSE 
dms E 11:Both Symmetric PAUSE and Asymmetric T 
Pus AUSE PAUSE toward Local Device 
1 : supports half duplex 
4.6 Half Duplex O : Half-duplex is not supported read 0 
only 
1 : supports full duplex 
4.5 Full Duplex 0 : Full duplex not supported read 1 
only 
Domain segment is reserved. 
4.4:0 Reserved read 0 
only 
Table 2-15 Auto-Negotiation Link Partner Ability Base Register ( Register 5) 
Bit Field description | Description Attrib | Defaults 
utes 
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Domain segment is reserved. 
5.15 Reserved read 0 
only 
1 : Reply, indicating that the peer end 
5.14 Acknowledge received the message read 0 
O : No response, the peer does not receive | Only 
information 
00: No Error, Link OK. 01: Offline. 
5.13:12 Remote Fault 10: Link Failure. read 00 
11: Auto-Negotiation_Error only 
Domain segment is reserved. 
5.11:9 Reserved read 100 
only 
00: No PAUSE 
5.8:7 PAUSE 01:Asymmetric PAUSE toward Link Partner | read 00 
10: Symmetric PAUSE only 
11:Both Symmetric PAUSE and Asymmetric 
PAUSE toward Local Device 
1 : supports half duplex 
5.6 Half Duplex O : Half-duplex is not supported read 0 
only 
1 : supports full duplex 
5.5 Full Duplex 0 : Full duplex not supported read 0 
only 
Domain segment is reserved. 
5.4:0 Reserved read 00000 
only 


Table 2-16 Auto-Negotiation Expansion Register ( Register 6) 


Bit Field description Description Attributes | Defaults 
Domain segment is reserved. 
6.15:2 Reserved read only | 0000000000 
0000 


1 : Receive a new Page information. 


6.1 Page Received 0 : No new Page is received read only /| O 
information. read clear 
/LH 
Domain segment is reserved. 
6.0 Reserved readonly | 0 
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Table 2-17 Extended Status Register ( Register 15) 


Bit Field description Description Attributes | Defaults 
15.15 | 1000BASE-X Full Duplex | 1000BASE-X Full duplex, supported. | read only 1 
15.14 | 1000BASE-X Half Duplex | 1000BASE-X Half duplex, not read only 0 
supported. 
15.13 | 1000BASE-T Full Duplex | 1000BASE-T Full duplex, not read only 0 
supported. 
15.12 | 1000BASE-T Half Duplex | 1000BASE-T Half duplex, not read only 0 
supported. 
. . 00000000 
15.11:0| Reserved Domain segment is reserved. read only 
0000 
Table 2-18 Vender spc Register ( Register 16) 
Bit Field Description Attributes | Defaults 
description 
16.15:8 Reserved Domain segment is reserved. read only | 00000000 


Minimum frame interval configuration. 


When working at SGMII Mode or Both GE And 


"n SGMII mode , and No Buffer When the option 
16.7:4 Min ipg . i read / 0110 
is not selected, you need to configure the 


write 
appropriate minimum frame interval 
according to the actual application. For 
working mode selection, see " 2.3.1 2 
Configure IP parameters ". 
16.3:0 Reserved Domain segment is reserved. read only | 0001 


Description: 


In SGMII mode or Both GE And SGMII mode, when the No Buffer parameter is not checked, a frequency offset 
correction Buffer will be instantiated in the SGMII Core, which can convert the received data from the receiving 
recovery clock domain to the local clock domain. When there is a frequency offset with the local clock, Buffer will 
correct the frequency offset by deleting or inserting Idle. 


If the frequency offset correction needs to be performed by deleting the Idle, the number of bytes in the frame 
interval will be reduced. You can configure the Min_ipg register to control the Buffer to perform the delete Idle 
operation only when the number of bytes in the frame interval is greater than the Min_ipg configuration value, 
and the deletion is performed. After the Idle operation, the number of frame interval bytes is still not less than 
the Min_ipg configuration value.. 
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Table 2-19 Vender_spc_1 Register ( Register 17) 


Bit Attribu 


tes 


Field description Defaults 


Description 


17.15:12 | Reserved read 0000 


only 


Domain segment is reserved. 


When loopback in HSSTLP IP, it corresponds 
to the loopback signal. 

17.8 Corresponding to HSSTLP IP Lane 
17.9 Corresponding to HSSTLP IP Lanel 
17.10 Corresponding to HSSTLP IP Lane2 
17.11 Corresponding to HSSTLP IP Lane3 


For PCS near-end parallel loopback and PMA 
near-end parallel loopback, configure the 
corresponding Bit of the Lane used by the 
current Sgmii Core to 1‘b1 . 

17.4 Corresponding to HSSTLP IP LaneO 
17.5 Corresponding to HSSTLP IP Lanel 
17.6 Corresponding to HSSTLP IP Lane2 
17.7 Corresponding to HSSTLP IP Lane3 


17.11:8 | mr rstfsm Ism force read / 


write 


0000 


17.7:4 mr rstfsm cdr force read / 


write 


0000 


For PCS near-end parallel loopback and PMA 
near-end parallel loopback, configure the 
corresponding Bit of Lane used by the current 
Sgmii Core to I'bO . 

17.0 corresponds to HSSTLP IP Lane0 

17.1 corresponds to HSSTLP IP Lanel 

17.2 corresponds HSSTLP IP Lane2 

17.3 corresponds to HSSTLP IP Lane3 


17.3:0 mr rstfsm los force read / 


write 


1111 


(2) Auto-negotiation function off 
Auto-negotiation off means that the Auto Negotiation parameter is not selected. 


Table 2-20 Register definitions when auto-negotiation is disabled in GE mode 


Addr Register Description 
0 Control Register (Register O) Configure SGMII Module function 
parameters. 

Status Register (Register 1) SGMII Module status parameters. 
PHY Identifier Register (Register 2 and 3) PHY ID. 
PHY Identifier Register (Register 2 and 3) PHY ID. 

15 | Extended Status Register (Register 15) Extended Status Register. 

16 | Vender spc Register (Register 16) Buffer control register. 

17 | Vender spc 1 Register (Register 17) Loopback control register. 
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2. SGMII mode 
(1) The auto-negotiation function is enabled and configurable 


Table 2-21 Register definitions when the auto-negotiation function in SGMII mode is enabled and configurable 


Addr Register Description 

0 Configure SGMII IP module 
SGMII Module stat 

1 SGMII Status Register (Register 1) SM 
parameters. 

2 PHY Identifier Register (Register 2 and 3) PHY ID. 

3 PHY Identifier Register (Register 2 and 3) PHY ID. 

4 SGMII Auto-Negotiation Advertisement MAC The value of the auto- 

Mode(Register 4) negotiation capability of the 

local device. 


5 SGMII Auto-Negotiation Advertisement in PHY Mode The value of the auto- 
(Register 4) negotiation capability of the 
peer device. 


SGMII Auto-Negotiation Link Partner Ability Base 


6 Auto-negotiation extension 
(Register 5) register. 

15 Auto-Negotiation Expansion Register (Register 6) Extended Status Register. 

16 Extended Status Register (Register 15) Buffer control register. 

17 | Vender spc Register (Register 16) Loopback control register. 

Table 2-22 SGMII Control ( Register O) 
Bit Field description Description Attribut Defaults 
es 

0.15 Reserved Domain segment is reserved. read only 0 
pin_cfg_en=0 is controlled by the 
management configuration interface; 

0.14 Loopback when pin_cfg_en=1, it is controlled by read / 0 
10_loopback . 1: Enable near-end WIE 
loopback mode; 

0 : Disable near-end loopback mode. 
pin cfg enzO is controlled by the 
management configuration interface; 
: pin cfg en=1 When, by IO phy speed 
Speed Selection 

0.13 (LSB) control. 0.6:0.13 read / 0 
11= Reserved ; write 
10= 1000 Mbps; 
01= 100Mbps ; 
00= 10 Mbps. 
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pin_cfg_en=0 is controlled by the 
management configuration interface; 
0.12 Auto-Negotiation pin cfg en=1 When, by IO an enable read / 1 
Enable control. 1 : Enable auto-negotiation; write 
O : Disable auto-negotiation. 
When auto-negotiation is off, this register is 
ignored. 
0.11:10 Reserved Domain segment is reserved. read only 01 
0.9 Restart pin_cfg_en=0 is controlled by the management | read / 0 
Auto-Negotiation configuration interface; write 
pin cfg en=1 When, by IO an restart control. / self- 
1: restart auto-negotiation; cleaning 
O : Normal operation. 
When auto-negotiation is off, this register is 
ignored. 
0.8 Duplex Mode 1 : Full duplex. read only 1 
0.7 Reserved Domain segment is reserved. read only 
pin_cfg_en=0 is controlled by the 
management configuration interface; 
. pin cfg en=1 When, by IO phy speed 
Speed Selection 
0.6 (MB) control. 0.6:0.13 read / 1 
11= Reserved ; write 
10= 1000 Mbps ; 
01= 100Mbps ; . 
00= 10 Mbps. 
pin cfg en=0 When pin_cfg_en=1, it is 
controlled by lO unidir en. 
Unidirectional Unidirectional Mode Enable Register. 
0.5 e : i read / 0 
Enable 0 : Unidirectional mode is disabled; write 
1 : Unidirectional mode is enabled, the status of 
the receiving direction will not affect the work 
of the sending direction. 
0.4:0 Reserved Domain segment is reserved. read only} 000000 
Table 2-23 SGMII Status Register ( Register 1) 
Bit Field description | Description Attributes | Defaults 
1.15:9 Reserved Domain segment is reserved. read only | 0000000 
T E Ea) Edna AN Extended Status Register(reg15) i 
Support status. read only 
1.7 SHINee Olen One-way mode supports state. readonly | 1 
ability 
1.6 Reserved Domain segment is reserved. readonly | 0 
m 1 : Auto-negotiation completed; 
1.5 dd CUL 0 : Auto-negotiation is not completed. | readonly | 0 
Complete When auto-negotiation is off, this 
register is ignored. 
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SGMII MAC Side: 
1 : PHY received Link Status O ; read only 
/ read SGMII MAC 
1.4 Remote Fault 0 : PHY received Link Status is 1. 
. clear side:1 
SGMII PHY Side: always 0. 
/LH 
- Te T SGMII 
13 Auto-Negotiation | Auto-negotiation capability support 
li status PHY 
Ability . i 

When auto-negotiation is off, this side:0 
register is ignored. 

53 ista; When auto-negotiation is enabled: i 

] ink Status 

1 : SGMII The synchronization is read only 
successful and the auto-negotiation is 
completed; 
0 : SGMII Synchronization failed or 
auto-negotiation did not complete. 
When auto-negotiation is off: 
1:SGMII Synchronization succeeded; 
0 : SGMII Synchronization failed. 

1.1:0 Reserved Domain segment is reserved. read only | 00 


Table 2-24 SGMII Auto-Negotiation Advertisement MAC Mode(Register 4) 


Bit Field Description Attrib | Defaults 
description utes 
4.15:0 All bits MAC Side is a fixed value. read 0100000000000001 
only 
Notice: 


On the SGMII MAC side, the speed uses the speed of the peer, and the default speed is 1000M. 


Table 2-25 SGMII Auto-Negotiation Advertisement in PHY Mode ( Register 4) 


Bit Field description Description Attribu| Defaults 
tes 


pin_cfg_en=0 is controlled by the 
management configuration interface; when 
4.15 PHY Link Status pin_cfg_en=1, it is controlled by IO phy link! read / 0 
. phy link control: write 
1 :connection succeeded; 
0 :Connection failed. 
4.14 Acknowledge Acknowledgment bit sent by the local end. read 0 
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only 
4.13 Reserved Domain segment is reserved. read 0 
only 
When pin_cfg_en=0, it is controlled by the 
management configuration interface; 
4.12 Duplex Mode pin cfg en=1 When, by IO phy duplex read / 0 
control. phy duplex control. write 
1 : full duplex; 
O : Half duplex. 
pin cfg enzO is controlled by the 
management configuration interface; 
pin cfg en=1 When, by IO phy speed 
411:10 Speed control. phy speed control. read) 00 
11 : Reserved ; write 
10 : 1000Mbps ; 
01 : 100Mbps ; 
00 : 10Mbps . 
4.9:1 Reserved Domain segment is reserved. read | 000000000 
only 
4.0 Reserved Domain segment is reserved. read 1 
only 


Table 2-26 SGMII Auto-Negotiation Link Partner Ability Base ( Register 5) 


Bit Field description | Description Attrib | Defaults 
utes 
1 : Connection succeeded; 
5.15 PHY Link Status . i read |0 
O : Connection failed. 
only 
1 : Reply, indicating that the peer has d 
5.14 Acknowledge received the information; e é 
on 
O : No response, the peer has not received e 
the message. 
5.13 Reserved Domain segment is reserved. read | 0 
only 
1 : Full duplex; 
5.12 Duplex Mode read | 0 
O : Half duplex. 
only 
peer speed. 
11 : Reserved; 
5.11:10 Speed 10 : 1000Mbps ; read | 20 
01 : 100Mbps ; 
only 
00 : 10Mbps. 
5.9:1 Reserved Domain segment is reserved. read | 000000000 
only 
5.0 Reserved Domain segment is reserved. read | 0 
only 
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(2) Auto-negotiation function off 


Table 2 27 Register definitions when the auto-negotiation function in SGMII mode is disabled 


Addr Register Description 
0 SGMII Control (Register 0) Configure SGMII Parameters of the 
module function. 

SGMII Status Register (Register 1) SGMII Module status parameters. 
PHY Identifier Register (Register 2 and 3) PHY ID. 
PHY Identifier Register (Register 2 and 3) PHY ID. 

15 Extended Status Register (Register 15) Extended Status Register. 

16 Vender_spc Register (Register 16) Buffer control register. 

17 Vender_spc_1 Register (Register 17) Loopback control register. 


3. Both GE And SGMII mode 


In this mode, the SGMII 1GbE IP dynamically switches between GE mode and SGMII mode online 
through the signal IO ge or sgmii. 
e When the signallO ge or sgmii is O, switch to GE mode and use the register definition in 
GE mode; 
e WhenthesignallO ge or sgmiiis 1, switch to SGMII mode and use the register definition 
in SGMII mode. 


2.6.2 HSSTLP Register Description 


HSSTLP Please refer to " UGO40008 Logos2 Series FPGA High-speed serial transceivers( HSSTLP ) 
User Guide [8] and UG041004 Logos2 HSSTLP IP UserGuide [9] . 


2.6.3 Register Access 


The SGMII 1GbE IP provides two register configuration management interfaces, APB interface 
and MDIO interface. Use the interface option "MDIO Enable" to configure whether the MDIO 
interface is enabled. For detailed description, please refer to "2.3.1 2 Configuring IP Parameters". 


1. The MDIO interface is disabled 


If the configuration MDIO interface is disabled, the SGMII 1GbE IP operates the SSTLP and SGMII 
Core registers through the APB interface. 


(1) HSSTLP IP register access 


When paddr[18] is 0, operate the registers of HSSTLP IP. 
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e paddr[17:2] is the effective register address of HSSTLP IP 
e  prdata[7:0] and pwdata[7:0] are valid data of HSSTLP IP register. 
(2) SGMII Core register access 
When paddr[18] is 1, the operation reads and writes the registers of the SGMII Core. 
e paddr[6:2] is the effective register address of SGMII Core 
e prdata[15:0] and pwdata[15:0] are SGMII Core register valid data 
e paddr[20:19] is the chip select signal of SGMII Core. 
2. MDIO interface enable 


If the MDIO interface is configured to be enabled, the SGMII 1GbE IP accesses the registers of the 
HSST LP through the APB interface and the registers of the SGMI | Core through the MDIO interface. 


(1) HSSTLP IP register access 


When the MDIO interface is enabled, the SGMII 1GbE IP operates the registers of the HSSTLP IP 
through the APB interface. 


e The highest bit of the address paddr[18] is invalid 

e paddr[17:2] is the effective register address of HSSTLP IP 

e prdata[7:0] and pwdata[7:0] are HSSTLP IP register valid data. 
(2) SGMII Core register access 


When the MDIO interface is enabled, the SGMII 1GbE IP operates the registers of the SGMII Core 
through the MDIO interface. 


2.7 Typical Applications 
2.7.1 Typical Application of Single Lane 

For typical applications of SGMII 1GbE IP, please refer to " 2.4 Example Design” 
2.7.2 Typical applications of Multi Lane 


This section introduces the design method to generate Multi-Lane SGMII 1GbE IP with 4 Lanes 
through modification based on the single-lane SGMII 1GbE IP. Users can design according to the 
needs of the Multi Lane design scheme. 


In the Multi-Lane SGMII IP, it uses only one HSSTLP IP and one PLL as the single-lane SGMII 1GbE 
IP. The entire Multi Lane SGMII 1GbE IP modification process is briefly described as follows. 
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€ Step 1: Re-instantiate the HSSTLP IP of 4 Lane 


€ Step 2: Generate the other 3 SGMII 1GbE IPs and add the .idf files of the 3 SGMII 1GbE IPs to 


the project; 


€ Step 3: Add the APB chip selection module bus allocator to the existing project 


€ Step 4: Modify the top layer of the multi lane project; 


€ Step 5: Modify the clock routing and physical constraints to complete the modification. 
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Figure 2-22 multi lane SGMII IP Design block diagram 


Figure 2-22 shows a block diagram of the multi lane SGMII IP design. As can be seen from the 
figure, four SGMII IPs share one HSSTLP IP and have only one PLL. The APB interface of the HSSTLP 
IP is connected to the APB interface of the SGMII CoreO; the APB interface and the MDIO interface 
of the 4 SGMII IPs are connected to the chip selection module bus_allocator, and then connected to 
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the external input. The corresponding relationship between the selected mode of multi lane SGMII 
IP and the 4 Serdes channels of HSSTLP IP in this design is shown in Table 2-28. 


Table 2-28 multi lane SGMII IP with HSSTLP IP Serdes channel correspondence 


HSSTLP IP Serdes channel SGMII Core SGMII IP configure 
number Numbering 

LaneO SGMII CoreO GE, AN, with frequency offset Buffer, MDIO. 

Lane1 SGMII Core1 Both, AN, with frequency offset Buffer, MDIO , 
PHY end. 

Lane2 SGMII Core2 Both, AN, with frequency offset Buffer, MDIO , 
MAC end. 

Lane3 SGMII Core3 Both , AN , without frequency offset Buffer , APB , 
PHY end. 
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1. Instantiate the HSSTLP IP 


For the instantiation steps of HSSTLP IP, please refer to 
”UG041004_Logos2_HSSTLP_IP_UserGuide” [9]. 


Here we only take the instantiation of HSSTLP adapted to SGMII Multi Lane as an example to 
introduce the relevant parameter configuration. The parameter configuration interface is as 
follows.. 


IP (19/73) 
S- @ Module 
E Gil Memory 
= EI Distributed RAM 
HE Distributed FIFO (1.2) 


d ROM (1.3) 
ift Register (1.2) 

rt RAM (1.2) 
AM (1.2) 


4 DRM Based Dual Port RAM (1.3) 

aif DRM Based FIFO (1.4) 

dB DRM Based ROM (1.3) 

4 DRM Based Simple Dual Port RAM (1.4) 
dk DRM Based Single Port RAM (1.3) 


dB; Accumulator (1.1) 
$ Multiply-Accumulator (1.1) 
ai Multiply-Adder (1.2) 


dE Simple Multiplier (1.1) 
eG ert 
a PLL (1.1) 
E- @ system 
a Ethernet 
dg SGMII 1GDE (vl.1c) 


Debug 
3s DebugCore (1.3) 
Wb tag Hub (1.3) 


Figure 2-23 HSSTLP IP selection interface 


Figure 2-24 HSSTLP Protocol and Rate interface 
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COMO code-group select 
Commis code-group L1 Gbics) 
coe mas pia) 
Channel Bonding 
1» | Channel Bending Mode 
^s | Channel Bonding Special Code Mode 
Channel Bonding Special Codet(bin) 
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Channel Bonding Range tt) 


Clock Tolerance Compensation 
CTE Mode 

SKIP Byteto (seita) 
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LIE T 
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Figure 2-25 HSSTLP Alignment and CTC interface 


Protocol and Rate Alignment and CTC Misc 
Channel 0 Channel 1 Channel 2 Channel 3 
— Reset Sequence Config 
M| Reset Sequence 
Free Clock frequence(10-100 MHz) 100.0000 $ 


RXPCS Align Timer(0-65535 cycles) 


Channel Insertion Loss —— 


TX Pre-Cursor Emphasis Enable {_] TX0, Pre-Cursor Enable TXl Pre-Cursor Enable [O Tx2 Pre-Cursor Enable | | TX3 Pre-Cursor Enable 

TX Pre-Cursor Emphasis Static Setting v v v v 
TX Post-Cursor Emphasis Enable {_] 1x0_Post-Cursor Enable [_] Tx1 Post-Cursor Enable {_] TX2 Post-Cursor Enable [_] Tx3 Post-Cursor Enable 

TX Post-Cursor Emphasis Static Setting | ode v | ode V | | ode v 
TX FFE Dynamic Control [ | TK0 FFE Dynamic Control TX1 FFE Dynamic Control [ ] 1x2 FFE Dynamic Control TX3 FFE Dynamic Control 

TX Config Postl B v | | ode v | ode v [oa v 
TX Config Post2 v v v v 


PMA Receiver Front End Config 
Rx Termination Mode external AC, internal DC V external AC, internal DC V | external AC, internal DC V | external AC, internal DC v 


Rx Signal-detect Threshold 45MV N 4sMv vo 45MV N 4sMV v 


W| APB Bus Enable 


M| Show HSSTLP Optional Pins 


[-BSSILP Optional Pins 


PLL Reference Clock Output: 


| P, REFCK2CORE 0 


TX Freq'2 Input: 


| TxO CLK2 FR CORE {_] 1x1_CLK2_FR_CORE | | TX2 CLK2 FR CORE TX3 CLK2 FR CORE 
TX External PLL Ready Input: 
[ ] 1xo External PLL Ready [ ]TXi External PLL Ready [ | 1x2 External PLL Ready [ ] 1x3 External PLL Ready 
TXPMA Swing: 
[ ] TX0 Swing Control [C] 1x1 swing Control [ | TX2 Swing Control [ ] TX3 Swing Control 


Figure 2-26 HSSTLP Misc part a interface 
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TXPMA Swing: 

TX0 Swing Control 
ELECIDLE Enable: 

TX0 ELECIDLE Enable 
Beacon Enable: 

TX0 Beacon Enable 


Data Rate Change Select: 


RX Freq!2 Input: 

RX0 CLK2 FR CORE 
RX External PLL Ready Input: 

RXO External PLL Ready 
RXPMA Hi-z Control: 

RXO Hi-z Control 
RXPMA 00B Status: 

BXO 008 Status 
Receiver Detection: 

RXO Detection 


RXPMA CLK Slip: 


RX Polarity Invert: 
BXO Polarity Invert 
Debug Bus: 


N CHO Debug Bus 


Figure 2-27 HSSTLP Misc part b interface 


M Show Reset Sequence Optional Pins 


Reset Sequence Optional Pins 


PLL Optional Pins: 


TX Optional Pins: 
M TXO Reset 


TXO Rate Change Select 


RX Optional Pins: 


N RKO Reset 


MV] RXO Debug Bus 


TX1 Swing Control 


TX1 ELECIDLE Enable 


TXl Beacon Enable 


RXl CLK2 FR CORE 


RX1 External PLL Ready 


RX1 Hi-z Control 


RX1 00B Status 


RX1 Detection 


RXl Polarity Invert 


M] CH1 Debug Bus 


N TEL Reset 


TX1 Rate Change Select 


Y RX1 Reset 


M| RX1 Debug Bus 


TX2 Swing Control 


TX2 ELECIDLE Enable 


TX2 Beacon Enable 


RX2 CLK2 FR CORE 


RX2 External PLL Ready 


RX2 Hi-z Control 


RX2 00B Status 


RX2 Detection 


BX2 Polarity Invert 


M CH2 Debug Bus 


M| TX2 Reset 


TX2 Rate Change Select 


M RX2 Reset 


M| RX2 Debug Bus 
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TX3 Swing Control 


TX3 ELECIDLE Enable 


TX3 Beacon Enable 


RX3 External PLL Ready 


RX3 Hi-z Control 


RX3 O0B Status 


RX3 Detection 


RX3 Polarity Invert 


M| CH3 Debug Bus 


M TX3 Reset 


TX3 Rate Change Select 


M RX3 Reset 


M RX3 Debug Bus 


Figure 2-28 HSSTLP Misc part c interface 


The mode correspondence between HSSTLP IP and SGMII IP is as follows, and customers can 
configure it according to their own needs.. 


Table 2-29 HSSTLP with SGMII pattern correspondence 


HSSTLP IP SGMII IP model 
GE GE mode and enable frequency offset buffer . 
SGMII 


All modes except above. 


2. Instantiate the SGMII 1GbE IP 


For the instantiation steps of SGMII 1GbE IP, please refer to "2.3.1 Module Instantiation". 
Instantiate Generate 3 SGMII 1GbE IPs and add the SGMII soft core files of the 3 SGMII 1GbE IPs to 
the project. The files that need to be added are as follows: 
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file path 


Description 


< project_path >/rtl/*.v 


Generated IP plain text RTL document. 


Generated IP plaintext RTL file, this folder stores 


< project_path >/rtl/common/*.v some 


Common module. 


Generated IP non-plaintext RTL file, which is used for 
<project_path>/rtl/synplify/*.vp synthesis. 


When calling, you can only call *_vpALL.vp or 


except *_vpALL.vp *.vp files other than 


3. Add the bus_allocator module 


The bus_allocator module is used for input and output selection of APB bus and output selection 
of MDIO bus. The APB bus uses the reserved addr[20:19] for identifying multiple Cores. The module 
is instantiated in the multi_lane SGMII IP top level, located in the 
<project_path>/example_design/rtl directory, and added using the Add Source command. The input 
and output signal mapping of the bus_allocator module is shown in Table 2 31, and users can 


configure it according to their needs. 
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Table 2-31 bus_allocator Signal Mapping Description 


bus_allocator Signal multi lane SGMII IP top level signal 
paddr paddr 
pwrite pwrite 
psel psel 
penable penable 
pwdata pwdata 
prdata prdata 
pready pready 
paddr * paddr * 
pwrite * pwrite * 
psel * psel * 
penable * penable * 
pwdata * pwdata * 
prdata * prdata * 
ready * ready * 
mdo * mdo * 
mdo en * mdo en * 
mdo mdo 

mdo en mdo en 
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4. Modify the top level of the Multi Lane project 


After completing the HSSTLP IP instantiation, SGMII IP instantiation and adding the bus_allocator 


module, it is necessary to modify the top layer of the Multi Lane project according to the newly 


generated IP port and the port of the bus_allocator, and complete the calls to the HSSTLP IP, SGMII 


IP and bus_allocator. The mapping relationship of some signals when the project is called is shown 


in Table 2.32. 


Table 2-32 SGMII_Core Signal Mapping Description 


SGMII Core top level multi lane Project top Description 
signal signal 
inst*.mdo mdo * - 
inst*.mdo en mdo en * - 
inst*.phy_addr |*_phy_addr Disable MDIO Connect 0 when interface . 


inst*.mm rst n 


I* mm rst n 


Disable MDIO When the interface is left 


open. 
inst*.paddr paddr * : 
inst*.pwrite pwrite_* - 
inst*.psel psel * 5 
inst*.penable penable * - 
inst*.pwdata pwdata * 3 
inst*.prdata prdata_* : 
inst*.predy ready * E 


inst*.status vector 


|* status vector 


inst*.pin cfg en 


I* pin cfg en 


inst*.phy link I* phy link - 
inst*.phy duplex I* phy duplex - 
inst*.phy speed I* phy speed - 


inst*.phy remote fault 


I* phy remote fault 


inst*.phy pause 


I* phy pause 


inst*.unidir en 


I* unidir en 


inst*.an restart 


I* an restart 


inst*.an enable 


I* an enable 


inst*.loopback 


I* loopback 


inst*.link timer value 


I* link timer value 


inst*.tx clken 


I* tx clken 


inst*.sgmii clk 


I* sgmii clk 


inst*.tx rstn sync 


|* tx rstn sync 


inst*.rx rstn sync 


I* rx rstn sync 


inst*.gmii rxd 


I* gmii rxd 


inst*.gmii rx dv 


I* gmii rx dv 


inst*.gmii rx er 


inst*.receiving 


I* gmii rx er 


I* receiving 


inst*.gmii txd 


I* gmii txd 


inst*.gmii tx en 


l* gmii tx en 
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inst*.gmii_tx_er 


I* gmii tx er 


inst*.transmitting 


I* transmitting 


inst*.i txlane done O 


o txlane done * 


inst*.i rxlane done O 


o rxlane done * 


inst*.i rxk O o rxk * - 
inst*.i rxd O o rxd * - 
inst*.i rdisper O o rdisper * - 
inst*.i rdecer O o rdecer * - 


inst*.i p pcs Ism synced 
0 


I* |sm synced 


inst*.i p clk2core rx O 


o p clk2core rx * 


inst*.i p clk2core tx O 


o p clk2core tx * 


inst*.o p txO clk fr core 


i p tx* clk fr core 


inst*.o p rxO clk fr core 


i p rx* clk fr core 


inst*.o txk O i txk * - 
inst*.o txd O i txd * - 
inst*.o tdispctrl O i tdispctrl * - 
inst*.o tdispsel O i tdispsel * - 
inst*.o loop dbg O i loop dbg * - 
inst*.AN CS I* AN CS = 
inst*.AN_NS I* AN NS E 
inst*.TS CS I* TS CS £ 
inst*.TS_NS |* TS NS E 
inst*.RS_CS I*_RS_CS A 
inst*.RS_NS I*_RS_NS E 
inst*.xmit I* xmit - 


inst*.rx unitdata indicate 


I* rx unitdata indicate 


inst*.pcsO rdispdec er 


pcs* rdispdec er 


inst*.ge or sgmii Il* ge or sgmii In GE mode this signal is hidden. 


inst*.mdc mdc Shared by 4 lanes, 1 when the MDIO 
interface is disabled. 

inst*.mdi mdi Shared by 4 lanes, it is O when the MDIO 
interface is not enabled. 

inst*.cfg rstn cfg rstn Shared by 4 lanes. 

inst*.pclk pclk Shared by 4 lanes. 


instO.o p cfg addr i p cfg addr Only connect with SGMII CoreO, other 
Cores are left floating. 

instO.o p cfg write i p cfg write Only connect with SGMII CoreO, other 
Cores are left floating. 

instO.o p cfg psel i p cfg psel Only connect with SGMII CoreO, other 
Cores are left floating. 

instO.o p cfg enable i p cfg enable Only connect with SGMII CoreO, other 
Cores are left floating. 

instO.o p cfg wdata i p cfg wdata Only connect with SGMII CoreO, other 


Cores are left floating. 
Only connect with SGMII CoreO, other 


instO.i p cfg rdata o p cfg rdata 
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Cores are left floating. 


instO.i p cfg ready 


o p cfg ready 


Only connect with SGMII CoreO, other 
Cores are left floating. 


inst*.external rstn 


external rstn 


Shared by 4 lanes. 


inst*.cfg soft rstn 


hsst cfg soft rstn 


Shared by 4 lanes. 


inst*. MANAGEMENT | 


L* MANAGEMENT INTE 


parameter whose value is the same as the 


NTERFACE RFACE original top level. 
inst*, AUTO_NEGOTIATI L* AUTO NEGOTIATION parameter whose value is the same as the 
ON original top level. 


inst*.CLOCKING LOGIC 


L* CLOCKING LOGIC 


parameter whose value is the same as the 
original top level. 


inst*. CLOCKEN 


L* CLOCKEN 


parameter whose value is the same as the 
original top level. 


Note: The signal type is the same as in the original top level; 


" * " correspondsto0,1,2,3; 


means none. 
Table 2-33 HSSTLP IP Signal Mapping Description 
HSSTLP IP Signal multi lane SGMII IP top level Remark 
signal 
i free clk free clk - 
i wtchdg clr O wtchdg clr - 
i txlane rst * "txlane sof rst n[*] - 


i rxlane rst * 


"rxlane sof rst n[*] 


i pcs cb rst * 


1'b0 


i_hsst_fifo_clr_* 1'b0 - 
i loop dbg * i loop dbg * - 
o wtchdg st O dangling - 
o pll done O dangling z 


o txlane done * 


o txlane done * 


o rxlane done * 


o rxlane done * 


i p refckn O 


P REFCKN 


PLL Reference clock, external input. 


i p refckp O 


P REFCKP 


PLL Reference clock, external input. 


o p clk2core tx * 


o p clk2core tx * 


i p tx* clk fr core 


i p tx* clk fr core 


o p clk2core rx * 


o p clk2core rx * 


i p rx* clk fr core 


i p rx* clk fr core 


o p pll lock 0 


lO tx pli lock 


o p rx sigdet sta * 


I* signal detect 


o p Ix cdr align * 


I* cdr align 


o p pcs Ism synced * 


I* |sm synced 


i p. pcs nearend loop * 


I* pcs nearend loop 


i p pcs farend loop * 


I* pcs farend loop 


i p pma nearend ploop * 


|* pma nearend ploop 


i p pma nearend sloop * 


|* pma nearend sloop 
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i p pma farend ploop * 1'b0 - 
i_p_rx_polarity_invert_* 1'b0 - 
i p tx beacon en * 1'b0 - 
i p cfg clk pclk - 
i p cfg rst "hsst cfg soft rstn - 
i p cfg psel i p cfg psel - 
i p cfg enable i p cfg enable - 
i p cfg write i p cfg write - 
i p cfg addr i p cfg addr - 
i p cfg wdata i p cfg wdata - 
o p cfg rdata o p cfg rdata - 
o p cfg int dangling = 
o p cfg ready o p cfg ready - 
i p I*rxn P L*RXN - 
i p I*rxp P L*RXP - 
i txd * i txd * - 
i tdispsel * i tdispsel * - 
i tdispctrl * i tdispctrl * - 
j txk * j txk * - 
o rxstatus * dangling - 
o rxd * o rxd *[7:0] - 


o rddisper * 


o rddisper * 


o rdecer * o rdecer * - 
o rxk * o rxk * - 
i pll rst O i pll rst O - 


Note: The signal type is the same as in the original top level; 


" *" corresponds to0,1,2,3; 


" -" means none. 


After completing the mapping of the top-level signals, some logic needs to be processed. This 


part of customers can be processed in the same way as in the original SGMII Core Example Design. 


It should be noted that hsst ch ready[3:0] is composed of four o rxlane done * signals. 


5. Clock Routing and HSSTLP Physical Constraints 


In the generated single SGMII Core, there are corresponding clock routing and HSSTLP physical 


constraints. The user needs to synthesize the clock routing of the 4 SGMII IPs into one. The clock 


constraints of multi lane SGMI I IP and the physical constraints of HSSTLP generated by this project 


are as shown in the figure below, and users need to modify them according to the actual 


application.. 


define attribute (i:u hsstlp ch0.U GTP HSSTLP WRAPPER.CHANNELO ENABLE.U GTP HSSTLP LANEO) (PAP LOC) (HSSTLP 364 918:U0 HSSTLP LANE) 
define attribute {i:u hsstlp ch0.U GTP HSSTLP WRAPPER.CHANNEL1 ENABLE.U GTP HSSTLP LANE1) (PAP LOC) (HSSTLP 364 918:U1 HSSTLP LANE) 
define attribute (i:u hsstlp ch0.U GTP HSSTLP WRAPPER.CHANNEL2 ENABLE.U GTP HSSTLP LANE2) (PAP LOC) (HSSTLP 364 918:U2 HSSTLP LANE) 
define attribute (i:u hsstlp ch0.U GTP HSSTLP WRAPPER.CHANNEL3 ENABLE.U GTP HSSTLP LANES) (PAP LOC) (HSSTLP 364 918:U3 HSSTLP LANE) 


Figure 2-29 multi lane physical constraints 


https://innek.ru/ Logos2 SGMII 1GbE IP User Guide 


59/ 71 


PYA 
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define attribute 
define attribute 


define attribute 
define attribute 


define attribute 
define attribute 


{t 


{t 
{t 


{t 
{t 


{t 
tt 


:u hsstlp cho 


:u hsstlp cho 
:u hsstlp cho 


:u hsstlp chO 
iu hsstlp chO 


:u hsstlp chO 
:u hsstlp chO 


«O p clk2core tx 0} 


.0 p clk2core tx 1) 
.0 p clk2core rx 1) 


.O p clk2core tx 2] 
.0 p clk2core rx 2] 


.0 p clk2core tx 3) 
.0 p clk2core rx 3) 


(PAP CLOCK ASSIGN) 


(PAP CLOCK ASSIGN) 
(PAP CLOCK ASSIGN} 


(PAP CLOCK ASSIGN} 
(PAP CLOCK ASSIGN} 


(PAP CLOCK ASSIGN) 
(PAP CLOCK ASSIGN) 


Figure 2-30 multi lane clock constraints 


2.8 Instructions and Precautions 


2.8.1 Clock Routing 


Chapter 2 IP Usage Guidelines 


(GIP CLKBUFG) 


(GIP CLKBUFG) 
(GIP CLKBUFG) 


(GTP CLKBUFG) 
(GTP CLKBUFG) 


(GTP CLKBUFG) 
(GTP CLKBUFG) 


In the generated Example Design project constraints file ips2 | sgmii top.fdc, the HSSTLP IP 


output clock has been constrained to the global clock. Take Example Design's project as an example: 


define attribute (t:U ips21 sgmii dut.U sgmii inst0l.u hsstlp ch0.0 p clk2core tx 0) (PAP CLOCK ASSIGN) (GTP CLKBUFG) 
define attribute (t:U ips21 sgmii dut.U sgmii inst0l.u hsstlp ch0.o p clk2core rx 0) (PAP CLOCK ASSIGN) (GTP CLKBUFG) 


2.8.2 HSSTLP Physical Constraints 


In the generated Example Design project constraints file ips2 |  sgmii top.fdc, physical 


constraints have been placed on the Serdes channel and reference clock input location for the 


HSSTLP IP. Take Example Design as an example: 


define attribute (i:U ips21 sgmii dut.U sgmii inst0l.u hsstlp ch0.U GTP HSSTLP WRAPPER.CHANNELO ENABLE.U GTP HSSTLP LANEO) (PAP LOC) (HSSTLP 364 918:U0 HSSTLP LANE) 
define attribute (i:U ips21 sgmii dut.U sgmii inst0l.u hsstlp ch0.U GTP HSSTLP WRAPPER.PLLO ENABLE.U GTP HSSTLP PLLO) (PAP LOC) (HSSTLP 364 918:U0 HSSTLP PLL) 


in: 


€  HSSTLP 364 918 : HSSTLP LANE indicates that the Serdes channel will use the chip's Q3 
_LaneO for data communication. 


€  HSSTLP 364 918:U O HSSTLP PLL indicates that the input differential clock will be locked 
using chip Q3 PLLO. 


The user can modify the constraints according to the actual situation of the board to meet the 


actual use requirements. 
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2.8.3 Working Mode 


1. GE Mode 


Pango FPGA 


SGMII IP 


User Logic sl 
Mc | SGMII 
(GMII) Core 


TXP/TXN 


Figure 2-31 GE Mode diagram 


2. SGMII model 
Pango FPGA 
SGMII IP 
User Te m | ES 
extn) SS 
- 
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3. Both GE and SGMII modes 


Pango FPGA 
SGMII IP 
—— o | a _—_ 
User Logic <- Buffer RXP/RXN 10/100/1000 
AC ; BASE-T 
MAC z — 
(GMII) SGMII HSSTLP OR PP 
: Core TEL 
1000BASE-X 
HS — 
TXP/TXN 


Figure 2-33 Both GE And SGMII Mode diagram 


2.8.4 Loopback Mode 


The SGMII 1GbE IP supports five loopback modes: 
€  SGMII Core Loopback 

PMA Near-end parallel loopback 

PMA Near-end serial loopback 

PCS Near-end parallel loopback 

PCS Remote Parallel Loopback 


1. SGMII Core Loopback 


The loopback mode supports two ways to configure, namely port configuration and register 
configuration. 


Table 2-34 SGMII Core Loopback port configuration 


Configuration item Configuration instructions 
Port enable lO pin cfg en=1 to enable port configuration. 
Loopback lO loopback=1. 

configuration 

No loopback 10_loopback=0 . 

configuration 


Table 2-35 SGMII Core Loopback register configuration 


Configuration item Configuration instructions 
Register enable lO pin cfg en=0, enable register configuration. 
Loopback reg0.14 Loopback == 1'b1 . 

configuration 

No loopback reg0.14 Loopback == 1'b0 . 

configuration 
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Notice: 


SGMII Core Loopback is not available when the "No Buffer" option is checked. 


2. PMA Near-end parallel loopback 


Notice: 


In PMA near-end parallel loopback mode, it is necessary to first ensure that the value of the corresponding 
register is set correctly, and then enable the loopback port. 


Table 2-36 PMA Near-end parallel loopback 


Configuration Configuration instructions 
item 


reg17.0 mr_rstfsm_los_force == 1'b0; 

reg17.4 mr rstfsm cdr force == 1'b1. 

After completing the above configuration SGMII register reg17 

Register Vender spc 1--0x0010. 

configuration ( For details on PMA near-end parallel loopback, please refer to "UGO40008 Logos2 
Series FPGA High Speed Serial Transceiver ( HSSTLP ) User Guide" [8] and 
"UG041004 Logos2 HSSTLP IP UserGuide "[9] ) 


Port configuration! pma_nearend_ploop=1 Enable PMA Near-end parallel loopback. 


3. PMA Near-end serial loopback 


Notice: 


In PMA near-end serial loopback mode, you need to ensure that the value of the corresponding register is set 
correctly, and then enable the loopback port. 
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Table 2-37 PMA Near-end serial loopback 


Configuration Configuration instructions 
item 


reg17.0 mr_rstfsm_los_force == 1'b1. 

After completing the above configuration SGMII register reg17 Vender_spc_1 == 
Register 0x0001 . 

configuration (For the detailed introduction of PMA serial near-end loopback, please refer to 
"UG040008_Logos2 Series FPGA High Speed Serial Transceiver ( HSSTLP ) User Guide" 
[8] and "UG041004_Logos2_HSSTLP_IP_UserGuide " [9] ) 


Port configuration| pma_nearend_sloop=1 Enable PMA Near-end serial loopback. 


4. PCS Near-end parallel loopback 


Notice: 


In PCS near-end parallel loopback mode, you need to ensure that the value of the corresponding 
register is set correctly, and then enable the loopback port. 


Table 2-38 PCS Near-end parallel loopback 


Configuration Configuration instructions 
item 


reg17.0 mr rstfsm los force == 1'bO ; reg17.4 mr_rstfsm_cdr_force == 1'b1. 
After perfecting the above configuration, SGMII register reg17 Vender spc 1-- 
Register 0x0010 . 

configuration ( For details of PCS near-end parallel loopback, please refer to " UGO40008 Logos2 
series FPGA High Speed Serial Transceiver ( HSSTLP ) User Guide" [8] and " 
UG041004 Logos2 HSSTLP IP UserGuide " [9] ) 


Port configuration pcs nearend loop=1 Enable PCS Near-end parallel loopback. 


5. PCS Remote Parallel Loopback 


Notice: 


PCS In remote loopback mode, you must first ensure that the value of the corresponding register is set correctly, 
and then enable the loopback port. 
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Table 2-39 PCS Remote Parallel Loopback 


Configuration Configuration instructions 
item 


reg17.0 mr_rstfsm_los_force == 1'b1. 

After completing the above configuration, the SGMII register reg17 Vender_spc_1== 
0x0001. 

To configure the HSSTLP IP registers: 

Offset 0x824.2 PMA_REG_PLPBK_TXPCLK_EN == 


register Offset 0x00c.4:3PCS RX CLK SEL ==2’b01 

configuration After configuration, the value of the corresponding register 0x824 of the HSSTLP IP is 
Ox4 
After configuration, the value of the corresponding register OxOOc of the HSSTLP IP is 
0x8 


(For details of PCS remote parallel loopback, please refer to "UGO40008_Logos2 Series 
FPGA High Speed Serial Transceiver (HSSTLP) User Guide"[8] and 
"UG041004_Logos2_HSSTLP_IP_UserGuide"[9]) 


port configuration) pcs_farend_loop=1 Enable PCS Remote parallel loopback. 


Notice: 


In this loopback mode, if the value of HSSTLP IP register 0x824 is not configured as Ox4, the clocks at both 
ends of the link must be of the same source. 


2.8.5 IP Clocking Scheme 
1. The frequency offset adjustment buffer is located in HSSTLP 


In GE mode, when the frequency offset buffer is enabled (that is, the "No Buffer" option is not 
checked), this clock scheme is applicable. 


10_mde 


pcik: 


"free clk- 


P REFCKN|P. 


Receive Serial Data 


Figure 2-34 Frequency offset adjustment Buffer at HSSTLP IP Schematic diagram of the middle clock scheme 
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(1) Datapath clock 

€ Inthe transmit direction, use a pair of 125MHz differential input clocks to provide the clock 
source for the HSSTLP IP, and after PLLO in the HSSTLP IP, provide the transmit clock 
o_p_clk2core_tx for the SGMII CORE. Finally, it is used as the clock sgmii_clk provided to the 
GMII side. 

€ Inthe receive direction, the RX CDR in the HSSTLP IP recovers the clock from the serial 
differential data and unifies the clock domain to o_p_clk2core_tx in the CTC in the HSSTLP 
IP. 


(2) Free Run Clock 


O free clkisa clock independent of the datapath clock and provides the clock for the HSSTLP 
IP reset sequence. In this scheme, the clock frequency is 1OMHz~100MHz. 


(3) Configure the clock 


€  |0_mdc——MDIO interface clock, 2.5MHz. Provides a clock to the SGMI CORE configuration 
logic when the "MDIO_ Enable" option is checked. 


€  pclk— —APB interface clock, 50MHz^100MHz. The HSSTLP IP configuration logic is clocked 
when the "MDIO Enable" option is checked; the HSSTLP IP configuration logic and the SGMII 
CORE configuration logic are clocked when the "MDIO_Enable" parameter is not checked. 


2. The frequency offset adjustment buffer is located in the SGMII CORE 


In SGMII mode or Both GE And SGMII mode, when the frequency offset buffer is enabled (r means 
the "No Buffer" option is not checked), this clock scheme is applicable. 


10_mdc 
pdk 
Neas m MDIO Enable 
free dk o p clk2core ! “+ 
DM E — 
sgmii, clk > 
Receive Serial Data | mem | 


— _ 


o p ck2core rx 


Figure 2-35 Frequency offset adjustment Buffer at SGMII CORE Schematic diagram of the middle clock 
scheme 


(1) Datapath clock 


€ = Inthe transmit direction, use a pair of 125MHz differential input clocks to provide the clock 
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source for the HSSTLP IP, and after PLLO in the HSSTLP IP, provide the transmit clock 
o_p_clk2core_tx for the SGMII CORE. 


€ Inthe receive direction, the RX CDR in the HSSTLP IP recovers the clock from the serial 
differential data and provides the receive clock o_p_clk2core_rx for the SGMII CORE. 


e Through the elastic buffer in SGMII CORE, unify the clock domain to o p clk2core tx, and 
finally generate the clock sgmii_clk provided to the GMII side. 


(2) Free Run Clock 


€ free clk is a clock independent of the datapath clock and provides the clock for the reset 
sequence of the HSSTLP IP. In this scheme, the clock frequency is 10MHz^100MHz. 


(3) Configure the clock 


€ 10 mdc——MDIO interface clock, 2.5MHz. Provides a clock to the SGMII CORE configuration 
logic when the "MDIO Enable" option is checked. 


€  pclk— —APB interface clock, 50MHz^100MHz. The HSSTLP IP configuration logic is clocked 
when the "MDIO Enable" option is checked, and the HSSTLP IP configuration logic and the 
SGMII CORE configuration logic are provided when the "MDIO Enable" option is not 
checked. 


3. No frequency offset adjustment Buffer 


In GE mode, SGMII mode or Both GE And SGMII mode, when the frequency offset buffer is not 
enabled (that is, the "No Buffer" option is checked), this clock scheme is applicable. 


10_mdc 


ALSE — TRUE, MDIO Enable 


sgmii, clk == 


RX sgmii rx clk 
Receive Serial Data 


T— | | ma | oram 
— a| 


o p ck2core rx 


HSSTLP SGMII CORE 


Figure 2-36 No frequency offset adjustment Buffer Schematic diagram of the clock scheme 
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(1) Data path clock 


€ Inthe transmit direction, a pair of 125MHz differential input clocks are used to provide the 
clock source for the HSSTLP IP, and after PLLO in the HSSTLP IP, the transmit clock 
o_p_clk2core_tx is provided to the SGMII CORE to finally generate the clock sgmii_clk for the 
transmit direction of the GMII side. 


€ In the receive direction, the RX CDR in the HSSTLP IP recovers the clock from the serial 
differential data, provides the receive clock o p clk2core rx for the SGMII CORE, and finally 
generates the clock sgmii rx clk provided to the GMII receive side. 


(2) Free Run Clock 


€ free clkisa clock independent of the datapath clock and provides the clock for the HSSTLP IP 
reset sequence. In this scheme, the clock frequency is 10MHz^"100MHz. 


(3) Configure the clock 


€ IO mdc MDIO interface clock, 2.5MHz. Provides a clock to the SGMII CORE configuration logic 
when the MDIO Enable parameter is checked. 


€  pclk APB interface clock, SOMHz~100MHz. The HSSTLP IP configuration logic is clocked when 
the "MDIO Enable" option is checked, and the HSSTLP IP configuration logic and the SGMII 
CORE configuration logic are clocked when the MDIO Enable" option is not checked. 


2.8.6 uart ctrl top module Example of read and write operations 
1. Read operation 
Read data at address 0x000001: 0x000001+0x72, which is 0x00000172. 
2. Write operation 
Writes 0x02 0x00000002+0x000001+0x77 to address 0x000001, which is 0x0000000200000177. 


2.8.7 IP calling method 


Users can add IP directly by adding the idf of the SGMII IP generated by IPC instantiation through 
PDS. 


2.9 IP debugging methods 


The DebugCore and LED in the Example Design can monitor the link status of the SGMII IP. Please 
refer to "2.4.4 Test Method" and "2.4.3 Interface Description" for the DebugCore signal list and LED 
indication signal list. 


The uart in the Example Design can read the value of the status register in the IP to monitor the 


link status. Please refer to "2.4.2 1 uart ctrl top" for the usage of the uart module. 
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Chapter 3 Appendix 
3.1 Reference documentation 


[1] Pango Design Suite Quick Start Tutorial 


[2] Pango Design Suite User Guide 


[3] IP Compiler User Guide 

[4] Simulation User Guide 

[5] User Constraint Editor User Guide 
[6] Physical Constraint Editor User Guide 
[7] Route Constraint Editor User Guide 


[8] UG040008 Logos2 Series FPGA High Speed Serial Transceiver ( HSSTLP ) User 
Guide 


[9] UG041004 Logos2 HSSTLP IP UserGuide 
[10] IEEE 802.3-2012 Specification 
[11]Serial-GMII Specification-rev1.8 


3.2 Glossary 


A 
APB Advanced Peripheral Bus 
C 
CTC Clock Tolerance Compensation CDR 
Clock Data Recovery 
G 
GE Gigabit Ethernet 
GMII Gigabit Media Independent Interface 
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H 

HSSTLP High Speed Serial Transceiver Low Performance 
L 

LH Latching High 

LL Latching Low 

M 

MDIO Management Data Input/Output 

P 

PCS Physical Code Sublayer 

PMA Physical Media Attachment 

S 

SGMII Serial Gigabit Media Independent Interface 


3.3 List of Abbreviations 


IPC IP Compiler 
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PDS Pango Design Suite 

U 

UCE User Constraint Editor 
3.4 Statement 


3.4.1 Copyright Notice 


The copyright of this document belongs to Shenzhen Ziguang Tongchuang Electronics Co., Ltd., 
and all rights are reserved. Without written permission, any company or individual shall not disclose, 
reproduce or otherwise disclose or distribute any part of this document to third parties. Otherwise, 
the company will definitely pursue its legal responsibility. 


3.4.2 Disclaimer 


1. This document only provides periodic information, and the content can be updated at any time 
according to the actual situation of the product without prior notice. The company does not assume 
any legal responsibility for any direct or indirect losses caused by improper use of this document. 


2. This document is provided as-is, without any warranty, including any warranty of 
merchantability, fitness for a particular purpose or non- infringement, and any warranty mentioned 
elsewhere in any proposal, specification or sample. This document does not hereby grant, by 
estoppel or otherwise, any license, express or implied, to use any intellectual property rights. 


3. The company reserves the right to modify the relevant documents of the company's series of 
products at any time without prior declaration. 
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